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PHKFA(M^: 


*V\u* c*Iiapt(*rs pn‘si‘nt(‘(! in this honk niT th(‘ rt^cord of an inv(‘sti^’n.tiv(^ 
fntir t»f tin* |>rin<*ipa! cyaniciinK mills of North Amnri(‘a., tnkiai with tin* 
itina nf |irosontin^ <h*tail(‘d funts nhoth thn pr(‘scnt stat(‘ of t lu* pro('(‘ss to 
tin* roadnrs of tin* KaffiNn rhig ami Minin{i Jaarnal, in wliit‘h poricHlical 
tlnw huvo alrnady nppnarnd. Actual (hsscription has Ixam (‘onsichaaal of 
loss ini|H>rtaina‘ tluui dis<Mission and com^lation of facts |2:a,tlua-cal from 
wididy ftifTor(‘nt plac’cs, the* inttmtion havinji; laam to pnssemt fa,cts and 
pcrsoiial opini(His. clearly iinlicatcMl as smdn in a form calculatcal to 
inltirtn flm pndVssion in g(m<*ral and to pronjoti* dis(‘ussion n‘sp(H*tin^‘ 
details involving divcrginii: practice*. Some* pace's of the* dis(‘Ussion 
cticittal have Inxm int*lufled as illuminating tin* suhj(*(*ts. 

thu* artich*. that const it td ing <'haptea* II, has l)(*(*n inclinhal that I 
did nut write. Altlioiigh I had visit(‘d and stinTuxl tin* plant. discuss(*(h 
and hatl f<»rmuintt*tt a papt*r treating of'its intt'n'sting; t)()ints, tin* d(*- 
waaptiun and exphumlioit suhmittcal by Mr. \i. H. Watson, manag(*rof 
the Xipissiniu: Minint^: ('m, was useal, a mnnng<‘r l){*inR' more* tliorouglily 
fariiilinr with his <nvn plant than aiiyonc* (‘Lse* could In*. Some* points 
whte*h partienilarly attraci the attention of tin* outside*!’, how(‘V(*r, W(*re 
mentiuae‘<l in my diseussitm of the* .suhj(‘(*t, ainl these* an* te» he* fomnl 
It uting C'hapte*!’ 11L d'hose* points thea'oui^hly cov(*re*el hy Mr. 
Will.sun have ln*t*n r<*move*<l freun my arth'le*, whie*h make*s it somc‘\vhat. 
etisjuinled, hut anyone* nanlinp: t he* two <’hapte‘rs will he* at ne! trouble* to 
umlerstninl fin* rafvrvnvvH. 

Idif* original itin<*rary of thi.H te*ehnicnl journ(*y ineluel(‘d a visit to the* 
intpurtiiid plants of Mexieo, hut the* conelitiem of afTairs in that cemntry 
when the trip was imdertnkeai, made* it ne*ce*ssary feir that part to In* 
fieistjjuneel until sue*h time* as ttn*re‘ will In* more* to study arid grc*Hte*r 
safety in !rav<*ling. 

Any l>eiH*fit which tin* prof{*ssiou may eie‘rive‘ from the* mait(*r prc*« 
Heiiftal is t<> In* I'renlitenl to Mr. Walt{*r Hc*nton Ingalls, Editor of tin* 
iuigitir'f'fifitj ami Mimtitj thatnial^ to whose* <‘n(‘rgy a!id i>rogre‘Hsive* 
spirit the* uinliiiaking is elue* 
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DETAILS OF CYANIDE PRACTICE 

CHAPTER I 

THE COBALT DISTRICT, ONTARIO 

The mining district of Cobalt in Ontario, Canada, is one of the 
newer areas in which economic mining has proved possible. In common 
with most new camps the first output was high-grade material, but it 
differs from many in the fact that the average content of the mineral 
has continued up to this time to be higher than is usually the case when 
work has been carried to the extent that it has here. The valuable 
metal is silver which occurs native and in combination. It is found 
as sulphide, arsenide, antimonide and in combination with manganese, 
nickel and cobalt. Small proportions of copper are also found in some 
of the ores and in at least one, the Nipissing, mercury has been definitely 
proved to exist. In regard to the latter many engineers are skeptical, 
having never encountered any indications of it even in the higher grade 
mineral but the work of the metallurgists who experimented upon the ores 
of the Nipissing mine has been sufficient for them to state positively that 
a small quantity of mercury does exist as a mercury-silver amalgam. 

Character of Ore. —The ores occur in narrow fissures in a country 
rock of fine-grained conglomerate, slate or diabase. They are all hard 
and tough and are not easily ground to a fine state. The experience 
of the camp has been that when the ores are ground extremely fine, even 
to a point where they will pass a 200-mesh screen, the product is largely 
granular and has the property of settling quickly, the light, flocculent 
product generally called true slime being conspicuous for its rarity. In 
addition to this, the mineral is extremely heavy, so that the difficulty 
of obtaining a product which may be treated as a total slime is greater 
than is usually the case with silver ores. The power and care required 
to keep it in suspension is comparatively great. 

Most of the mills in the Cobalt camp are concentrators and due to 
the character of the mineral, which is favorable to concentration, good 
results have been obtained from this system of treatment. The silver 
occurs, as has been mentioned, in heavy minerals which give up a large 
percentage of their silver content on the concentrating table. Never¬ 
theless, the tailing discarded by the concentrating mills contains sufficient 
silver so that its extraction, or partial extraction, by cyanidation while 
the pulp is in motion through the mill, might be expected to repay more 
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than the additional expense of cyanide treatment. It is altogether likely 
that the average tailing from a concentrator treating 25- to 35-oz. ore 
will contain not less than five to eight ounces of silver per ton. Most 
of the operators will not admit that the tailing runs so high, but a con¬ 
sideration of the conditions, together with some frank conversation with 
operators leads me to believe that these figures do not overstate the case. 

If this is true, then cyanide treatment of the table tailing should be 
economical in view of the fact that most of the work has already been 
done on the ore and the additional cost of regrinding plus the cost of 
chemicals and labor would be more than met by the additional silver 
recovered. I have already said that the ore, even when finely ground, 
is difficult to agitate, but this does not conflict with the idea that cyanida- 
tion would be economical, because it is conceivable that the fine sand 
might be leached at a cost which would be less than that of agitating 
it. I am unable to discover that any exhaustive experiments have been 
carried out on leaching a concentrate tailing, but I do not know of any 
good reason why it would not be possible, particularly in those mills where 
concentration has already been installed. It may be true that a new mill 
designed for cyaniding the entire product would give the most economical 
result eventually, but that is no reason why mills now operating as con¬ 
centrators could not increase their profits by cyaniding the table tailing 
in some way. The analysis of the ores support this view in so far as show¬ 
ing that the higher grade ores contain most of the elements considered 
rebellious, while the lower gra^e ores are comparatively free from them, 
making cyanidation cheaper on the low-grade minerals. In the accom¬ 
panying table is presented a statement of the comparative content of the 
extraordinary elements in Cobalt ores of various grades, A representing 
the high-grade, B the medium-grade and C the low, or milling-grade ores. 


TYPICAL ANALYSES OF COBALT ORES OF DIFFERENT GRADES 



1 A 

B ’ 

C 

SiOs... 

4.51 

2 88 


Fe.*. 

2.34 

2.80 

7.00 

CaO. 

1 9.05 

10.00 

3.00 

AI 2 O 3 ... 

1 1.42 

0.87 

15.00 

MgO. 

6.22 

7.13 


Ni. 

I ^ 

6.62 

8.78 


Co. 

7.11 

8.42 



29.88 

34.48 

0.50 

Ag. (oz. per ton). 

4786.1 

2014.00 

71.27 


Present Cyaniding Mills. —Four of the Cobalt companies have under¬ 
taken cyanidation in some form and degree. These are the Nipissing 
Mining Co., the Buffalo Mines Co., the Dominion Eeduction Co. and 
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1m‘ i ^ 1 Ip* BtiRjilu luill- irfats partly by (‘oaceutratioii aiul partly 

y 'rill* on* is !inik<*a thnaiKh crusher am! rolls and is 

nrtly ri*gniuml in a hii^li-spccd ehilenn mill, th(‘ crushing and grinding 
doiit* ill \\:iti‘r. The slime is s(‘parated, thickened in a Dorr 
liii'kmer iiinl ey:iiiiiit*il in l\Hchuca tanks, tlu^ sand l')(‘ing concentrated 
I watii*. rii«’ tailing is stacketl and may lie rt‘treat('d at some future 
t If ifII* sand rt*groinid in the (diilean mill, only alxmt 5% is slimed, 
[it* totiil t|iiaiitity of slime eynnided ht*ing only 18 to 20% of the total 
rt* criislii*il. The ‘JOUnue.^ih pruduet is eonsidetaul a<H slime and it is 
irgely a granular priMluri, then* lieing v(*ry litthi colloid in it. 



\iav um at thk -siiTsstNit. 


11ii» tiiill tif ihi* Dintiitiiiin I{t*duciti»n C’ci., fonmady known as the 
Ciivii Seiitiiid eiTislies with stiiinpH in eynnhle solutiun, The mill was 
iT*rtf*fi for ryiifihle ireiifitieni itlone, Hinall allowamui being made for 
iiiit‘eiittiitioin bill Iniidiig lately eiiteretl ilie custom-milling field it was 
mini itiaa-iHai) tii ria’iuwirtiei ili«» mill, due to the difTerent character 
f tire ill lit* frtaaftal, iiiiti tfiis Work is now in progresH, a Hystern of careful 
iiiireiilriitiiiii !#*4iig iiilerftostal between the grinding and eyaniding 
;e|iiiriiiirii!M. The regriiitliiig in this inti! is done in tube mills* Under 
lilt siad.rwi the fiiilp will hr* passed through a (hdlow screen 

dlfi ti lllb or 'IITiiiesli wirt» etoiln the umh^r si'/,e going to sand tables and 

* Tlir I r ilficti is titr* |»rij|w^rf ef «»i»? imox is «et ineariwriUed and is known simply 

tlie I lilriPli iiiiiie. 

* Kiii< iiinI Mill. Jiiiirii., Aii^. d* 
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the oversize being reground and returned to the Callow screen. Thus 
all the pulp will have to pa! 3 s the screen eventually. From the concen- 



THE O’bRIEN mill. 


toators It will be sent to a modified Dorr classifier where the sand will be 
drained and taken out, receiving a wash of cyanide solution in the classi¬ 
fier, and will then be discarded. The slime, which carries the greater 











'rill'. ru!i\i;r rMs'nuci; oNTAiiio 


K'lrf I III* \ . u ill In* sulijcctad to (‘yaniilatioii hy a|i;iiati(>n. 

Af IIm* luill fin* urt^ is ('rusiicd, and slanip(‘d, jigging* 

tloMf* in waftT aisd in soluti(m. I\N‘(‘rushin^' is dou(‘ in 

llartlinyt* aoniral nitir^, i 'tairc-ntrali<»n is practistal, hut to a. hsss (‘xtcuit. 
than U'^iial iu liio i 'ohall ntilU, tho pulp rota'ivinjyi; only oin* [)a.ssag(‘ ovca* 
tin* tahli’"'. ria* r*“ 4 r<»uiid pulp is irtailtal as slinna ahoutr of it. 

pa.s>iii|i; a. 2lMtaia‘-di mtooil. 

Nt^w Mill for Low-griKle Ores, d'ho Nipissiuj^; (‘om[>a,ny luis undca* 
rolls! nniion a mil! t«ir Inaatiim' it’^ so-calltal lo\V“)L»:rado or(‘S whi(*h assay 
from 2o to r.o o/. silvf*r por tom This mill, whiidi is sidnaluhal to hogin 
upi-ration-* in \o\omlH‘r itf tho prosmit y(‘ai\ will ht^ a. pun^ly cya-nidinp; 
om\ til*' *»iily \ariafi«»n Inan^ a ji.i»:i»:iu^ of the (*rusli(‘d or(‘s. ddu' hij^h- 
l^rath* rork will hr irmovrd ou a pirkini< holt, aiul this, togadluM* with tin' 
rii*h jti*i prodiioi. wil! hr fr**ali‘il in tho prrsiad hi^h»^rad(‘ mill whicdi will 
hr maintain*'*! m «*|irratt*»n, a^ at prrsrnh for taking (*ar(‘ of th(‘ lii^h- 
|r|':i*lr ininr or** , and ih»* rirh f»ro*lurt ohtainrd hy th(‘ flicking’and jif>;|i;iu|2; 
mcllnnlr rini'r will hr nu rom’cnt rat ion. no tahh's or vaanmu’s ha,ving 
hrmi iimlinh'il in ilm *1** ii'ii of tin* mill, 'rhrn* will hc' 10 stamps of 1500 
Ih, **arli ami lour luhr mill , Ol - *J 0 Dorr rlassitiia’s ar(‘ to h(‘ usial 
h»r removing the ■ami which will he t uhc milhal, t he (mtirc' product- Ixaug 
treated h\ aif,itali»m a*- sliima Zinc <tust precipitation will l)(‘ uscal, tlu^ 
standar*! Ahiril! triangular pn*ss h(*iug installecl to c‘oll(‘et tin* pr(‘eipitat(‘. 
Thi' namlard Ilutt*a>i filler will In* usc*d for lilhaang tin* n^sidma 

l*he agitafi«in tank’ !** he U'^e<l liave (he Hat hotttiiiis and rmadnufuad 
aRilaOu's irmaliv eiiipfuva**! hy tin* Butters (mginec'rs. Tht‘ ta.,idvs art* 
titte*l vvilii *|ia*ant«i's ami Irealment will he hy the intiaanitttmt- or eharg(‘ 
systetie It is >latrd that these agitat«>rs, wliih* not piadVet, will giv(‘ 
as giii«l resiilp. jis ran he ohiidned hy the newer forms af. (‘osts which ar(‘ 
eritirf’iv salisf’a.efory in comparison. It is not(*wort1iy tfiat' in the^ fnc(‘ 
Ilf the more tmitlern forms of agitators, for which highca* (dfiehmey and 
lower eiisfs have hem claimed, fite ohler {yp<‘ of agitidors arv Ix'ing in- 
Stidled in this iiioderii mill, ami also tliut in spit(‘ of tin* advantag(‘s 
l•!llilm*d lor eoiiliniioiiH proee-sses, tlje eliurge systcan will l)t‘ (unploycal, 
mid all fills NHiie!tolled Uy a lattly of (mginetms which, whil(‘ not in- 
fiillihiia I*-. I'iiilv i‘omp<''t»mt tt> weigh tin* advantag(‘H of all (*his.s(‘H of 
tiiindiiiiery and iii'ikr* le-i" of the fiest. The ditlerenei* of opinion is n*™ 
iiinrkiiliir ami goi-. to >fiow Ilia! iieithi*r form of mnc*him*ry nor imd.hod 
lilts heeii ahli- to demoiisirafe so ehairly its supm'iority as to mak(‘ it- 
iiiiiver“=all % aef’eptf'd. It st'<enis alnmst e«*rtuin that one or tJu* otJn*r ol 
i Wit fiii'itis Ilf iiiaeiiiiniw , or evam ot proeesst*s, must he t tie faddeu’, tJu* only 
■expiaiialion ol the varviiig opinions heing tliat dillertmt- or(*s must give* 
dinVri'iil lemif- whim liamlled hy the tliflVn*!!! ftroeissses. Nt‘ithcr is 
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certain class of machinery an<l certain nu-ilunh uf vvurkin^^ do no\ n- 
linquish them with facility, and it is ott.-n I he most dilhcuit thuiK m Mu. 
world to convince an operator Mint there is some Metier way of doiuK 
things than the particular on(. he is using. 

Primary-crushing Devices. pc^rsistrut ust‘ iit stamps l<,r rt- 
ducing rock to various degrees of fiiumess is an t*xample iif tlie ganara! 
disinclination to dispense with a form of marliinery whieli has been io 
use a considerable length of tinu^ uiul whielu all thmgs remsidt^red. Iuhh 
given a vast amount of satisfactory service*. It is ililhetitl In ccatsure 
the profession for sticking to a devha* which has sia'vcd well, hut it is 
nevertheless true that circumstances aUcr easi*s, and a mneddue ought 
to be considered in the light of the work it is vxpwtiHl to d(». ^ Wticn tlie 
primary object was to crush ore to a point tieeessiuw to liherate its miiieral 
and make it susceptible to amalgamntiom then the stamp was a gocal 
medium to use. It did the work at om‘ step, and had advantages fur 
amalgamation. It made eomparativedy little sliuaa and this was an 
advantage, particularly in tiu' days wh(*n cyaiddatiou wa>* first usi*d mul 
leaching was the accepted pra(‘ti(‘(\ 'Fht* slirm* was a nuisatiei* anti was 
hard to handle and therefore any machine* whiedi prodmaai a minimum 
of it was considered efficient. With tin* aelvtmt <d tin* ttila! slitne trt*at« 
ment it would seem likely that some* other matdiine tnighi ht* uses I whitdt 
would do the work of reducing orcss tet a fint* .^lafe t|uiekt*r anti cfieufter, 
it not being necessary to keep the* prodtadiein ed* slinu* down Itt a minimum. 

In spite of this circumstaneea the* statnp tamfinut'S fti Iw the stamlard 
machine for primary crushing, althougli then* is thuiht hut that 

some other form of machine would ht^ imaa* (*eoimmiea! in use. This eom 
dition exists all over the mining world and (‘eibalt is im e’^i^eptioii. In 
preparing ores for cyanidation tdtere is no otla*r object Imt to eriisb f laan 
to the required point, usually a total slimta in tlm r|uit*k<*st and iduanpest 
way. Yet most mills use stamps for the purp(»H«‘ ami in i hibalt the Htiiinp 
is used except in one instance, the HufTalo milt. All ttver I fie world in¬ 
vestigations are being made on this detail ami in sorm* raseM thr Hlnmps 
have been displaced with distiiudly good results. 1 tfiiiik tliai if soiiie 
trials were made on the C'obalt ores them* eetnuimieH would be inaiiife^ted 
there also. The Cobalt ores are hard, Init not too liiirtl to In* erin^lied 
through rolls, and a stage crushing through cruHhi*rs, rolln luitl liitie ttiilln 
would seem to indicate the most economical method. It in to lie hoped 
that the system will be given thorough trials on the ori*H of the eaiiip for 
such a system would remove many vexations in iiilditioit In introiiiifditg 
economies. 

Regrinding the Ores.—Tube mills are used for regriiiding in the 
majority of the mills in the Cohalt camp. I1ie Xi|iissiiig, new ami oh! 

mills, the Dominion and the O’Brien mills hiivi* iiistiiiintioiiH of iheiit 
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whil<‘ th<‘ HufTalc), as has aln^ady Ixnai meixt.ioiUHl, uses a lii^lKspecd 
Chilean mill. Tlaaa* is no data at hand for comparing the results of the 
two forms of nuudiines, hut it is prol)al)le, on this ore, that the tube mill 
will giv(‘ more consistt'id. r(‘sults. 'Fhe Ilardingc^ conical mill, as used 
at f lic* O'Hritai mill, has not prov(xl to he altogether satisfactory. The 
mill is appartudly good as a granulator, laHlucang the rock to a state of 
mtslium fine sand wiili (‘lHcien(‘y, hut it does not grind fim^ enough. 
In this regard tlu' ordinary tube mill is moia^ satisfactory. It is possible 
to slim(‘ tlu' roc‘k in tlie Hardingt' mill, l)ut to do so would reduce its 
capat’ily so far as to r(anove it from considxTation as an e(‘()nomi(‘al 
matdiima It is possible* that tin* Iiardness of the orc^ has somcddiing to do 
with this result for, as lias Ixam memtionc'd, tlu^ ore is extremely difficult 
t^i slime. 

Methods of Agitation. Paednuai tanks are*, used ge'iuu’ally for agita¬ 
tion except in the cansiss of th(^ Nipissing company, and at the Dominion 
mill wlaa'e'Frent agitators are* at pr(‘S(*nt in use*. 'FIu^ Pachuca tanks used 
in the* district are* sonu'what modifiesl, not conforming (*xactly with the 
standnrel size*s and proportions useal in M(*xico and in the* UnitedBtate‘8, 
the* di!lVre*nce* lading that th(‘y are* not so high in preiportion to tlie diarn- 
e*ter. Wliih* this re*du(‘e‘s tlie* capacity, the*re* is no e*tTeedi upein the* agita¬ 
tion e*xee*pt, pe*rhaps, that it re‘e|uir(*s le»ss pe)we*r to aceannplish the de*sire*el 
re*.sult. Ida* Ihirrnl type* of agitateir is to have*, a trial in the camp at the* 
m*w high-graelt* mill of tlie* liutTalo company, now unele^r constructiem. 
'Fhis plant, wlne*h is, in the* main, similar to the corrensponding plant of 
the* Nipissing eenupany, contains some* derails which are eonsideu'ed to be 
imi)rt»ve*me*uis ami will be* re*fe‘rre*el iei later. In view of the* fact that it 
lias liea*u dif!ic*u!t for me*iallurgists tei agre‘e‘ upem tlie* most satisfacteiry 
tank ftir agitation, it will be* int(*re*sting to havei a comparatives (sxhibition 
of the* three* classes, lhiehiie*a, Parral and meadianical, at work in the Bame*. 
e*anip and upon the* same material. It is tei he* hope‘el tliat full elcRails of 
tl'ie* r<*sutts will la* obtainable*. 

Use of Chemicals. lime in some^ ferm is uHe*eI at all the* cyaniele mills 
ill the* camp. At the! ()*Brie*n mill the dry lime is addexl in the batteries 
ami in addition <*auHtie‘ soela is useal in the solutions, (laustic! seiela is 
not usually «*cinsi<l«*rt»<l a good age!nt tei use! for seK'niring alkalinity as it 
temis iowarel elissolving some compounds which would be la^tter left 
iintoiielasl "Ffiere* are, liowi*ver, some! cases where its use is justifie’.el 
ill spite of its c*hemienl conduct and its cost. The! alkalinity at the 
OMIrii*n is carrie*tl at :i ll>, in terms of NaOIL At tlic! Dominion mill dry 
lime is aehital t-o tia* ore* going to the! mill at tlu! rate of aliout 6 or 7 lb. 
per ton, d'he lime is in fine* lumfis, not powdereel, as it is cksired to take 
advantage* of the alkalinity d<*ve*lop<*d by the sleiw solution of the lumps. 

At the BufTalo mill lliiii! is acldeal in powdered form to the treatment 
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tanks at the rate of 7 to S lb. per (on ol dry ore. I h.- addu.on ot th- 
lime to the treatment tanks in Ihis ease is due the la.’t tliaf the pulp 
here meets the cyanide solution for the lirst tun.., (he pre.-eduiK opera 


tions being carried out in wut i'r. 

It will be noted that there is a great deal oi ..in I he manner ol 

using lime in this district, (‘very op(‘rator having s,.me special ideas .,t 
the most efficient way. Naturally, the lime will be used m the way which 
seems to be best adapted to each paHieular ore, tml in this ease the use ot 
it typifies the state of (\vanid(‘ iiraetiee in the district. It is as yet unset¬ 
tled, and the best methods for (‘conomieul results have not yet Ih-cu deli 

nitely determined. 

The use of lead salts is varusl and spasiuodic*. Tlnw swms in hi* ii*t 


definite information as to wludlus* or not tlu^v are reqiiired luat tlirir 
even in the same mill, is not sysUanatixed, Thv general leialiairy 
seems to be to dispense with tluar use. At the HulTalu mill it is elaimed 
that there is no noticeable difTereiua* in results whethta* the lead satts are 
used or not, and the same is tru(‘ at tla^ (PHriim mill. Stdution analyses 
at the O’Brien have eonviiKaal tln‘ optaadors that the snlphtir, whieh 
exists in appreciable (piantity in solution, is in the ifn’m id sulplHievaiii*ie 
This would indicate that th(‘ solu})h‘ sulpldili‘s, wldidi ari’ tuiiliiuhletllv 
first formed, have bciui transfoiamsl hy aid ion ttf tla* metal i*h*ment H 
extracted from the ore and sul)se(|uently hy th(» eyaiiiili* s*dutions ihiaii 
selves. If this is true it shows that u |)ortion of thtM*yaniite is renttived 
from its primary object of dissolving silvcT and is litsi iip with the sid|ifiiir 
forming a compound which, whih* having a eiTtaiti solvent mi ion 
upon silver, would certainly not hiMiitiuitiimaliy fortmai for sneli piir 
pose. It wduld apparently he in(>rt‘eiaauaniiud to riam^ve the snl|i|itir 
definitely from the solution, if possihha halving the cwaniiles free to enrry 
out their designed function. It is |>rohahly t na* t hat t he C hilmlt ores eiirry 
elements which thernselvcvs form insoluhle sulphides with thi* dissotveit 
sulphur and remove tluan, at iiaist partially, from the .Hoiutions, 

The consumption of cyanide* is mmii the same in all fin* milf.^, leiiv* 
ing out, of course, the Nipissing high-grade mill, whitii is not to he eon 
sidered with the mills treating hirgi* C|uuut-ities of lower graite on^s, 
From 3 to 6 lb. of KCdN [)er ton ol ore treate<l is the iiveriige eon- 
sumption, when treating ores running from 2(1 to :io o/,. of sih-er. At 
the O’Brien mill the consumption for the* ymr till 1 whh o Ih. Kl 'X per 
ton of ore treated, while for tin* pr(*s(*nt y(*ar the records up to date show 
a consumption of 3.8 lb. per ton. At tla* B-ufTalo ami Dominion inillM 
the consumption will average about tin* sa.me am! at- the Xipksiiig higfi^ 
grade mill the figures are reservtal from publication, hut the coiiHiiiiip 
tion is probably high. 

Metal RecoVftrific—........... .... r n.. 
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a great deal in the different mills of the camp. From 80 to 90% is about 
the saving that is attained by cyanidation, except in the Nipissing mill. 
In the latter a saving is made by amalgamation of 97 % and in the subse¬ 
quent cyanidation a small additional saving is made. The head content 
of silver at this mill runs about 2500 oz. silver and the tailing is said to be 
as low as 20 to 30 oz. per ton. The extraordinary percentage of extraction 
is, of course, accounted for by the richness of the ore treated. At the 
O^Brien mill concentration and cyanidation reduce 20-oz. heads to a 
tailing which averages 1 to 1.5 oz. per ton in silver. At the Buffalo mill 
where only the slime is cyanided the extraction on the material is from 
80 to 85 %, but this is by the cyanide treatment alone and no comparisons 
can be made between this result and the results obtained at the other 
mills in the district. At the Dominion mill no extraction results are 
obtainable at this time due to the fact that a change of method is being 
made, and while the mill is actually in operation, the newer method is 
not yet fully installed and no statement can be made. 

It is generally conceded that the percentage extraction depends largely 
upon the fineness to which the ore is ground, the finer grinding giving a 
better recovery of metal than the coarser. This is to be expected in view 
of the density of the ore which does not permit penetration of the cyanide 
solutions into the ore particles and requires extreme subdivision in order 
to expose the maximum amount of the silver to the action of solutions. 

Temperature has also a great effect upon extractions. In the winter 
season the cold solutions lower extractions to a large extent and it is often 
necessary to warm the solutions in order to obtain normal results. At 
the Buffalo mill steam coils are placed in the treatment tanks in order to 
bring the solutions up to normal efl&ciency. In this case the warming is 
particularly necessary, for there is a constant introduction of cold water 
into the treatment circulation from the grinding department. At other 
mills where the circulation is entirely cyanide solution, a thorough heating 
of the mill during the winter season suffices to keep the solutions active. 

Precipitation Systems.—The precipitant most favored is zinc dust 
which will ultimately be used in practically all the mills. At the Buffalo 
mill the precipitation is at present by zinc shavings, three wooden boxes 
of the ordinary type being used. At the Dominion mill zinc dust is used 
and the regular Merrill triangular fillter press is installed for collecting the 
precipitate. The consumption is in this case of zinc to one of silver 
precipitated, by weight. At the new mill of the Nipissing company the 
same process will be used and the resultant precipitate will be sent to the 
refinery of the high-grade mill which has already been described. 

At the O'Brien mill the process is the same mechanically, but zinc 
dust is replaced by aluminum powder. It is stated that the aluminum 
powder will precipitate three times its weight of silver and has a lesser 
2 
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fouling effect upon the solutions. The claim is also made that the result¬ 
ing precipitate may be melted in the ordinary oil-fired tilting furnace 
without any flux, giving a bullion of high purity. The cost of the alumi¬ 
num dust, which is 32c, per lb., compared with the cost of zinc, about 7c. 
per lb., does not indicate any appreciable economy in the use of aluminum 
even with its increased efficiency, unless there are some advantages not 
clearly understood. It is probable that further experiments will be made 
on the use of this material so that.some definite facts may become known 
and comparisons established with the results accomplished with zinc dust. 

Vacuum^ Filtration.—Vacuum filters are at present in use in all the 
mills, the Butters and Moore types being the ones preferred. At the 
Nipissing, both the high-grade mill and the new low-grade mill are 
equipped with Butters filters of the standard type. The Dominion mill 
has a Moore filter as has also the O’Brien mill. In all these mills a 
high efficiency is claimed for the filters in washing out dissolved silver, 
but from the looks of the installations it is rather difficult to understand 
how high efficiencies can be claimed on any of them. The great weight 
of the pulp and its granular condition make it necessary that the filter 
tank be equipped with air lifts in order to keep the solids in suspension, 
and a rather violent action is necessary to do the work. The filters cannot 
be operated at all without the air lifts as the heavy solids would settle 
immediately making operation impossible. From the nature of the ore 
and the condition of the filters in the Cobalt camp I should think that 
pressure filters would be likely to give much better results than those 
operated on the vacuum system. Pressure systems, like the Merrill, 
would take a definite quantity of pulp and make a fairly homogeneous 
^ cake at once, and would tend toward a condition which would facilitate 
proper washing of the cake. With the vacuum filters some segregation 
must naturally take place, and a filter cake which is not homogeneous 
cannot be washed perfectly. The pressure filter would, in my opinion, 
be a decided improvement over vacuum systems in the Cobalt camp, due 
to the weight and granular character of the solids in the pulp treated. 

Cost of Operations.—The cost of treatment in the Cobalt camp is not 
obtainable in the majority of cases, due to the fact that some of the mills 
are treating custom ores and consequently do not care to make public 
that essential part of the business. It may be stated that the treatment 
of the mill or low-grade ores costs from S2.50 to $4.50 per ton. This 
seems to be a rather wide variation of cost on ore which is practically 
identical and which is treated on more or less the same scale. The varia¬ 
tion is wide indeed, but, as has already been mentioned, there are so many 
different ideas and so many different methods in use in the camp that 
there is bound to be a variation in cost. Probably the cost for cyanida- 
tion is less at the Buffalo mill because of the small extent and simplicity 
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eatment, most of for r(Hlu(‘tio!i l)ning made a^;>;ainst. t 1 h‘ 

‘atioii dcpartnuad.. At tlu' Buffalo, tlu^ (*ost. may be said t-o B<‘ 
le lower figur(‘ whil(‘ a;t i lu^ ot.lua* two mills eosts varyin^^ at 

the higlier figure^ may tx' ta,k('n as r(‘])r(\s(uitiiig th(‘ a,V(‘rag<u At 
ssiiig no costs at all ar(‘ divulgi'd, but th(‘ n^port of th(‘ company 
ear 1911 sliows that tlu‘ <a)st p(a- oumx^ of silvua* at th(‘ high-g:ra.de 
? 1.14e. At this rat(‘, cousid('ring th(‘ a.V(‘ra.g(‘ orc' tiaaidcal as 
2500 oz. por t'On, 1 lu‘ (‘ost p(*r ton of t.rcaitimad would Ix^ $28.5(1, 
xmis to 1)(' a, fair a,v(a*ag(‘ tiguix' for an op(a-ation of this sort.. It 
cely that the majority of this cost-consists of (\vanid(‘ cousunuul and 
lost, the ()th(T (‘harg(‘s bcang of (‘omparativc'ly less im})ort.aii<a‘. 
cost of matta'ial at. (h>balt. is about as follows: (\ya.nid(^ (KC ’N 
lly used) ITxu p(‘r lb.; zim^ dust (90% metalli(* zimO 0.5 to 7(*. p<‘r 
bles (importc'd) $20 jxt ton. Bowct varic's souKuvhat in (*ost, 
nal contra(‘ts bt^ing mad(‘ on a. basis of $50 pea* liors(‘pow(‘r-y<uir, 
a)ntracts now Ix'iug mad(^ jir(‘ at th(‘ ra,t.(‘ of ou(^ c(mt pea* kilowat t - 
.e. I und(U‘sta.nd, to a cluingc' in th(‘ [)olicy of th(‘ ])ow(‘r compaan<*s 
Tve the district.. ddi(‘ cost it cans in g(uu‘ra.l ar<^ not (‘Xta^ssivo and 
ould be doiH' at naisonabh' (‘ost. 

do High-grade Mill. TIh* Buffalo company is (aaxd.ing a. small 
reat its high-grade^ min(‘ product, aind conc(‘ntrat(‘S, similar to tlu’ 
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installation at the Nipissin^-. The difforoncies are that the tube mill is 
larger, 5|X22 ft.; the agitation will bo performed in. tanks of the Par- 
ral type; a concHUitrator with a (topper top will be installed over which the 
pulp will be passed after amalgamation in order to recover any floured 
quictksilver, and filtration will be ])erform(Hl in a larger Perrin plate-and- 
frame filtcu pr(\ss having a (tai)acity of about 20 tons of dry solids. Rctfin- 
ing will b(t performed as at the Nipissing, in a reverberatory furnace, 
which l>y court(\sy of H. (L H. Anderson, supc^rintenchuit of the Buffalo 
mill I am abht to pr(\s(mt in (hd.ail in the ac(tompanying drawing. Phe 
systc'm secmis to be w('ll adapt(‘d for this class of work and it is not im¬ 
possible that its us(t might l)e profitabl 3 ^ (extended to other cyaniding 
installations. 

Future Development.— -Tlu^ (hd.ails of cyanidation of the (h)l)alt 
ores have not yet beem d(‘finit(‘ly s(dtl(Ml and tlu^ nud^allurgy is in a states of 
(wolution such that little is reaily known. Tluu-e have Ixurn few points 
definitely scuttled and I ('xpc'ct to see most of tlu^ mills mak(^ radi(^al 
changers l)efore settling down to routine work. Many methods are in 
use which do not sc^nn altogetlux* suit(Hl to tlu' conditions and it is likc^ly 
that tluvse will b(‘ gradually changcxl as sonu' systems proven thcfir supeu*- 
iority. H(\sults obtaim^d in ('xtraction ar(‘ not yc't rt^liabh^, as most of 
them are bascnl on (‘stimatc^s, and tlu^ sanu^ is tru(‘ of e^osts, whicli ar(^ so 
varied and ind(dinit(‘ as to b(‘ not suitabk^ for (U)mparison. Th(vr(^ arc' 
many skillful metallurgists at work in thc^ district who may be rcJicul u])on 
to work out th(^ procc'ssc's in time and I have' no doubt that the distried. 
will reach a state* of scuttled and satisfactory cyanidation after time has 
been given to allow the* probh'rns, which arc' many and difficmlt, to b(^ 
workc'd out. 



CHAPTER II 

NIPISSING HIGH-GRADE MILL, COBALT 

The high-grade ores of the Cobalt district consist mainly of the arsen¬ 
ides of cobalt and nickel in a calcite gangue with a large quantity of 
silver in the metallic state. A typical ore carries 10% silver, 9% cobalt, 
6% nickel and 39% arsenic; the rest is lime, silica and smaller amounts of 
antimony, iron, sulphur, tellurium, etc. 

Ore Character.—The complex nature of the ore and its high content 
in arsenic make it an undesirable ore for the ordinary custom smelter. 



NIPISSING HIGH-GRADE MILL. 


who IS compelled to charge a high price for its reduction. The general 
practice is to smelt in a blast furnace where a large part of the silver is 
recovered at once as base bullion; the resulting speiss is roasted and 
treated in the wet way for the recovery of the cobalt, nickel and the rest 
of the silver. This process is slow; the necessary plant costs several 
hundred thousand dollars, and a large working capital must be available 
to carry on the business. 

Another serious problem in shipping to a smelter was the difficulty in 
obtaining a fair sample of the ore. This is always a tender point when a 
mine is marketing ore, but when the ore carries several thousand ounces of 

14 
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silv'(‘r [)('r luid (lu^ silvc^r ()(‘.curs in tlu^ nud^allic. state', ran^in^* in size 
from the' snialh'st |)iirti(d('s np to nu^^c'ts tlu^ sizo of ono's hand, the dihi- 
(Uilty of sampling is ('iiormously incmise'd. 

(!r<'a,t improv<an(*nt, how('v<'r, has been made in this part of the mar¬ 
keting by the' bnileling of the' Campl)ell & De'yc'll custom sampling we)rks 
a,t ('e)])a,lt, wlu're' the' e)r(‘ is (•rushe'd in a ball mill fitted with 10- te) 20- 
me'sh s(‘re'e'ns. All me'tallie*s coarse'i* than this mesh rc'inain in the' mill aiiel 
are^ subse'e(U('ntly re'me)vcd and nu'lted down to bullion. The'. i)ulp 
('an tlu'u ))(^ sa.mpl('d with a la'asonabk' ek'gn'o of aeaairaey. 

The' marke'ting ('xpe'iise' is made' up of sme'lter de'duetion, treatment, 
freight, assaying, r('[)r(‘S(‘ntation at snu'lte'ry, e'tc. On 23 euirloaels of ore' 
ave'raging 25()0 oz. pe'r ton, the marketing ('xpense was 5.57% of the gross 
value' (with silve'r at 00 e*. pc'r oz.) or $83.55 per ton. In adelitie)n to 
the' above' dire'e't ('barge', the're' is a loss of inte're'st from the elates of ship- 
me'ut to tlu' elate' of payme'ut, which average's 05 days on shii)me'nts to 
(huuidian smc'lt.('rs, and all or<‘ is S('ttl('d for e)n the^ ('-omnu'reual assay, 
which is abe)ut 1% lowe'r t.han the actual assay on this grade e)f ore^ 

As tlu' large.'st produce'r in the' distried, the' Nipissing Mitiing (k)., LteL, 
liad b('('n trying for se've'ral ye'ars to finel a simple' preau'ss by which ite' 
high-graele' ore's e'ould be' tre'ate'd at the' mine' witbe)ut going to llu' hirgs 
e'xpe'use' e)f building th(' usual sme'ltcry. To this e'nd a gre'at nutny [)ro(v 
(‘sse's had bc'e'U inv<‘stigat(‘d and one' small e'xpe'rime'ntal plant was 
built; the' trouble' wit.h most of the proce'sse's is the^ coinplicatiie)!! of the', 
ope'rations and the' cons('([U('nt tying up e)f a larger amount of mone'.y. 

An Original Process. It n'lnaine'd to (diarh'S Butters a,nd (J, 11. 
(de'venge'r, finally to work out a proce'ss whie^h promise'd to be'so sim])l(^ 
and ('lT('(‘tiv(' that tlu' Nipissing etompany elecideal to build the^ nee'.essary 
plant at one'e*. .fame's Johnston de^sigm'd and (a)nstru(‘.t('d theplant 
which we'ut into ope'ratiou Fc'bruary, Ii)l l, and has run suc.(^('ssfully eve'r 
sine*e. 

Tim high-grade' ore^ from the^ pieJeing tablets Is (h'live'rcid to the sampling 
plant at the' top of the', mill wlu're it is put thre)ugli a 9X 15-in. Blake', 
crusliea' anel (‘levate'd to a stead reamiving bin. From this it is fe'd auto- 
matieailly inte) a Ne), 3 (i-ft. Krupp ball mill carrying lOOO lb. of steed balls 
anel fitte'd witli 2()-me'sli s(*rta'iis. ^J'he' rne'tallie'.s or silvevr nugged/S whicdi 
will not pass the' senaa'ii are re'move'd periodieaUly by taking off a screen, 
anel arei me'ltc'd down in tlie^ redinery. From the' ball mill tlie pulp 
dedivereal by a si)iral fc*e‘d to a Ve^zin sampk'r and edevate'el to two (>()-tori 
ste'cl ste)rage‘ tanks, from whie'h it is drawti as neaak'd fe)r treatment in the 
mill. 

Th(^ main opc'ration (a)nsists of amalgamating the silvevr in a 5% 
(*yanidc' se)lution while the' 20"m('sh material is hedng ground in a tube mill. 
The mill used is a Krupp mill 3 ft. 11 in. in diarnedeu* and 19 ft. 8 in. long, 
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fitted with silexdiners and run at 37 r.p.m. The weight of ore per charge 
depends somewhat on the silver content, but with 2500-oz. ore the ordi¬ 
nary tube-mill charge is 6500 lb. of ore; 8500 lb. of mercury; 3800 lb. of 
cyanide solution, and six tons of pebbles. 

The materials are charged through a manhole on the top of the mill, 
and after the cover has been replaced the mill is revolved for 9| hr., 
when 99% of the pulp will pass a 200-mesh screen. This fine grinding is 
necessary to liberate the fine particles of silver and permit of complete 
amalgamation. A screen analysis of the final tailing shows that the 
coarser particles are much richer than the slime; this is also shown by the 
accompanying screen tests on ore crushed through a 10-mesh screen. 

It was found advantageous to have a certain quantity of silver go into 
solution in the cyanide, and to this end more air had to be supplied to the 
charge. 

Each gudgeon of the mill is fitted with a stuffing box through which 
passes a heavy cast-iron pipe, four inches outside diameter, with a IJ- 
in. hole through the center. The casting is held stationary by bolts to 


GRADING ANALYSIS OF NIPISSING ORE CRUSHED THROUGH 10-MESH 


Mesh 


■f 20 
+ 40 
-f 60 
+ 80 
+ 100 
+ 120, 
+ 150, 
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~ 200, 


Percentage 

Silver oz. 

by weight 

per ton 

.' 12 T 7 . 

6837. 

26.2 

3375 

11.6 

2330 

6.3 

1954 

6.3 

1654 

2.7 

1348 

1.3 

1182 

3.8 

1202 

29.1 

706 


the concrete foundation, and the mill revolves about the pipe. Com¬ 
pressed air under 25 lb. pressure is introduced through one of the hollow 
castings. At the outlet end there is a right-angle turn in the hollow 
casting just inside the mill and the upper end reaches to within | in. 
of the lining. The heavy cast-iron elbow, therefore, remains stationary, 
the inside leg stands vertical, and the upper end remains above the level 
of the charge at all times, allowing the compressed air to escape while the 
mill is in motion. The casting is heavy enough to withstand the batter¬ 
ing of the pebbles falling against it. This arrangement allows the mill to 
be filled well above the center with a consequent decrease in the power 
used, but it is found that the best results are obtained by filling the 
mill to a point two inches above the center. 

Handling the Tube-mill Product. —At the end of the grinding period 
the three manhole covers are replaced by coarse screens and the mill is 
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turned ()V(‘r; the (*luu'g(' fulls into ti sluud-iroii hopper whi(*.h delivers it 
into an all-iron scdth'r, (u^ht fcH't in diainetcu*, fitted with wooden shoes. 
Tlie tiil)(‘ mill is tlnm wasluMl out twie(' by rcwolvin^ it with a ton of solu¬ 
tion and 1500 11). of nna'cmry. Thes(‘ wa,sh(ss a.re addcnl to the charo-e and 
the settler filknl with solution; the (*harge is kc^pt in af>;itation by the mu'- 
ler while tlie amalj^a,m is drawn off into an iron (^h^an-up pan, and from 
there into nmvns a.ma,lA'a,m filUTs, of which tln'rc' ai’(' 24, ('ach holding 400 
lb. of amalgmn. 44u‘ ])ul[) is gra,dually run out of tlu^ scd-tlcu' by drawing 
the top plug, th(‘ bahuHH^ of i\w (‘harg(^ b(‘ing wa,sliced twice with solution. 
When th(‘ flow of anudgam has (u^a^sed, the nna'cury, as it drains out of 
the canvas filt(TS, is pumpcal ba(*k to th(‘ s(‘ttl(M‘ 1,0 wash out any remaining 
amalgam, "riu' l)oi.t-om plug is finally’' drawn and the l)alan(^e of the pulp 
discharg(‘d. It rcapiirc's t wo hours t,o dump tln^ (‘harg(‘ and get tlu'. amal¬ 
gam into th(‘ filt.(‘rs. 

It was soon found that th(‘ a,malga,m must b(‘ k('{)t <‘xc(HHlingly thin, 
oth(‘rwis(‘ it would stick in t he tube' mill and (‘ake under the mulhT of th(' 
settl(T; h(‘nc(‘ tln^ uu'rcury ustal is 15 tinu's t-he weight of the silver in th(‘ 
or(‘. Aftc'r draining in t lu' sacks, tiu' n.malgam still (*arries 78% mercury. 
The r(‘markabl(^ part- a.bout. tlu^ whoh‘ proc(‘ss is that 1)7% to 98% of 
the total silv(T in tln^ or(‘ yi(^lds to amalgamation in tlu^ tube mill. An 
ore assaying 2500 oz. pea* ton is nnliKaal to 50 to 75 oz. ])er ton when it 
leaves th(' s(‘ttl(‘r. 

The Role of Cyanide. 4Mi(‘ cyaiude trt'atment of the pulp whicdi 
follows is comparat iv('ly uniniportant as it d(‘als only with six or s(wen tons 
of 50-()Z. ()r(‘ daily, ar(‘ four l()X7“ft. woodem tanks for the (col¬ 

lection and tr(‘atm(mt of tluc pulp, and the nccccnssary tanks for storage of 
solution and wa.t-(a-. A {‘harg(‘ for agitation is madcc up of four tubcMnill 
charg(‘s or 13 tons of dry pulp. Five ])ounds of linuc peer dry ton of pulp 
are added and tln^ (vharge* is agitaU'd for 39 hr.; tine tanks arce fittcal with 
mechanical agitntors, and tin* |)ulp is (circulat.(*d through a pump as W(*tl. 
The cyanich* stremgt-h is 0.75 peu (‘(‘ut. 

AftcT settling, tin* solution is d(‘cant(‘d, ainl tine pulp, having a s|)('cific 
gravity of 2, is run to a Hutt(‘rs filtcT of 10 l('av(*s. Tine speeeeific gravity of 
the orce is 0, and t.o avoid the sc'ttling of the pulp in tine bottom of the filt(*r 
1)()X whihe the caki* is forming, tine chargee is k(*pt in (circulation by an 
air lift drawing out of tin* bottom of tine box and deliveering at tlie top. 
Idne (cak(e is waslncd 2 1/2 hr. with weak solution and then dis(charg(*(L 
The ars(*nid(*s of (*obalt and nickt*! go through the process practically 
un(‘hang(‘d; tine rtesidm* for tine first seveen months of tins y(‘ar contain(*d 
9% cobalt and 4.5^;/ ni(‘k(el. 

Analysis of Ore. Tdn* (‘omph‘x naturce of this rcesidue is shown by tine 
following analysis by Johnson & Hons on some of last yearhs product: 
Nickel, 9.72%; cobalt, 5.85%; iron, 2.58%; antimony, 3.80%; bis- 
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muth, 0.09%; copper, 0.06%; tellurium, 1.39%; arsenic, 29.50%; sul¬ 
phur, 1.59%; silica, 11.44%; lime, 8.-63%; magnesia, 2.91%; carbonic 
acid, 13.55%; combined water, 5.74%; mercury, alkali, oxygen, gold and 
silver, traces of zinc, tin and manganese, 3.15%. Determinations of 
mercury consumption indicated the presence of mercury in the ore itself. 
Investigation along this line showed that the ordinary high-grade ore of 
the district usually carries from two to five pounds of mercury per ton of 
ore, depending upon the amount of metallics contained. Tests were then 
made on the metallics alone; 21 samples of metallics taken from various 
Nipissing veins and from three other mines, showed mercury in every case; 
the result varied from eight to 95 lb. mercury per ton of metallics and 
averaged 35 pounds. 

The presence of mercury in the metallics was proved on a large scale 
when the refinery was built; the first charge melted down in the rever¬ 
beratory when the furnace and flues were clean, was a ton of metallics. A 
small bottle full of mercury was taken from the condenser and globules of 
mercury could be plainly seen through the flue dust. 

Method of Precipitation.—There are two zinc precipitation boxes, 
one for strong and one for weak solution. The precipitate from ])oth 
boxes goes to an 18-in. Johnson filter press with 12 frames; the press 
holds 500 lb. of precipitate which assays 15,000 oz. silver per ton. The 
product of the cyanide plant amounts to 8000 to 10,000 oz. silver per 
month. 

The solution going to the zinc box carries 14 oz. silver per ton, 0.028% 
mercury and 0.6% zinc. By passing through the box the mercury in 
solution is reduced to 0.015%, so it is necessary to retort the precipitate to 
recover the mercury. As no solution is thrown away, it has become very 
foul; after passing through the zinc box it runs to a storage tank in the 
bottom of which a precipitate collects. An analysis of this precipitate 
follows: Silver, 0.394%; mercury, 2.51%; antimony, 3.30%; sulphur, 
16.13%; arsenic, 32.64%; silica, 5.362%; zinc, 2.257%,; iron, 5.04%; 
nickel, 9.06%; cobalt, 7.03%; lime, 9.24%; carbon dioxide, 7.259%; 
manganese, trace. 

The sacks of amalgam are hoisted into a car with a cast-iron body, 
weighed and taken to the refinery which adjoins, but is separate from the 
mill building. There are six 14 X 60-in. retorts mounted in batteries of 
two. They are fired by oil, and the waste gases are conducted through 
a condenser before discharging them; this is to catch any mercury which 
might get into the flue on account of a cracked retort. 

The retorts are filled three-quarters full of amalgam, fired for nine 
hours, and allowed to cool for six hours. The resulting sponge and 
mercury are weighed and compared with the weight of amalgam put in 
the retort; a cracked retort will sometimes be detected by the loss in 
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wei^'lit wluui it has not Ixnai noticxHl by the man in eharge. The sponge 
is 79% silvci'; tlie iiu])uri<.i(‘s ar(^ mainly arsenie, cobalt, nickel, antimony 
and bisimith. 

' Th(^ av(‘ra.g(‘ lilV of a rx'tort is M charges. As soon as the slightest 
cra(‘k app('ars tlu' rc^tort must be discarded at once. Occasionally a 
rc'tort will br(‘ak on th(‘ first firing, and r(drOrts have been received whicli 
would not hold uKxxairy wh(‘n (a)l(L Various grades of iron have been 
tried l)ut tlu' nuik(‘rs have' not succecMhHl in turning out a cast-iron retort 
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whicdi will sf.and up to tli(‘ hard and continuous work rcapiired. A soft 
gray iron, low in phosphorus, giv(*s the best results. 

R(‘C(‘ntly a, east-stca^l rc^tort was instalhul; it is still in good (X)ndition 
aftca^ liaving Ixaai fircal 82 timers. A spcHually made wrought-iron rc^tort 
with sid(*s 3/8 In, thick is now on ordc^r; this will l)e slipp(ul into a 
(‘ast-iron (tylindca* wliicli will tak(^ tin* wc'ight of tlu^ charge and Ix^ar tlu^ 
brunt of the firing. 

Melting of the Sponge. '‘l'h(‘ sponger from the retorts is melted down 
in a rev(^r}x!ratory furnac(> in (thargess (;ontaining 28,000 oz, of ix^fined 
silver. Thc^ Inxirth is stationary and is made of lirick contained in an 
iron pan, 5 ftrXS ft. 6 in., supported on rails. Heat is supplied by two 
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oil burners; the waste gases pass first through a s('ri(‘s of dust (*hamh(‘rs, 
then through two iron pipes 3 X27 ft. and to a fan whi(‘h (‘xhausi^s iu(,o i,iu^ 
stack. Sprays of water are introduced into tlu^ last dust (‘hamlxu’ and 
into the first iron pipe, the obj(‘ct Ixnng to cool the gas(‘s a,nd condcxisc^ 
any mercury that is driven off in melting the vspong(‘, or that (‘onu‘s from 
a leaky retort. 

As soon as the cliarge in the rev(‘rb(x*atory is mcdtcHl, a.ir uiuha* 15 lb. 
pressure is blown on th(‘ surfaces through two iron pifx's introdmxHl a,t (h(^ 
back of the furnace. Th(‘ oxides of cobalt, nickc^l and th(‘ oth(*r impuriii(‘s 
rapidly rise to the surface^, and are s(‘raped oQ* Girough th(‘ (diarging door. 
No flux of any kind is adcUul. Th(‘ air blown on iJu' surfa,(‘.(‘ of th(‘ nu'inl 
has been h(\it<Hl by carrying the ])ii)e through tlic^ dust (duimbcu's; this 
materially shortens tlu^ oixx'ation which usually takes 18 t,o 20 hr. Art.<u* 
the surface of tlie mental has b(‘(‘om(‘ ttiirror-likt' it tnust still b(‘ blown s(‘V- 
eral hours to exp(d thc^ last tra(X‘s of impuriti(‘S. 

Dip sample's a-rc' tak(‘n and wlu'ii th(‘ bath is 9i)9 fine' the' air is simt olT 
and the metal is covc'red with charcoal to absorl) tlu' includt'd oxygem 
and thus avoid sprouting of tiu' l)ars. dflu' furnace' is tai)p(Ml through the' 
side; the charge', fills 25 me)lels whie'h are' run ale)ng unele'r the' si)e)ut on a 
car. 

The first, henirth was maeh'. e)f e*e)mme)n fire'brie'k; it. Inste'el five' montlis 
during whie'.h time 1,800, ()()() o'a. worn re'fine'el. The' f)re'S('nt. lu'artli 
made of magnessite^ brieh is still in ge)e)el re^pair aftea* nine' montlis’ use' a^nel 
has turneel e)ut to date 3,230,000 fine^ oune*e‘s. 

Smelting the Precipitate. For the [)urpose^ e)f we)rking up the^ skim¬ 
ming from the melting furnace, the^ fluet elust anel the' /dne^ [)r('e‘ipitate^ 
from the e*yaniele |)lant, a 20-in. re)unel wate'r-jae*ked.e'el blast fuimae'e' was 
installeel. The^ jaedeet is hung from the' feu'el fle)e)r t-o allenv re'me)val e)f the^ 
curb. The flue is conneH'tt'el with the^ elust e'hambe'rs. Be'fe)re^ be'ing 
chargexl te) tlie blast furnaeu' the^ flue^ elust anel pre'e'ipitate^ a,r(' re't.eirtc'el, 
then mixexl with sugar wate^r, bri(iued4.eal anel drie'd. 

The skimming assays about 15,000 oz:. silver {>ea* te)n, the^ flue' dust 
700 055., and the prexupitate' 15,000 to 18,000 oz. Tlie eduirge' is e’alculat.exl 
according tei the maiexial t-o be put tliremgh; sennet of tin' mixture's us(*d 
are as follows: (-harge' 1: 250 lb. of skimming; 300 lb. eif slag; 100 lb. of 
coke, (diarge 2: 100 lb. eif skimming; 100 lb. of flue' dust; 300 11), of 
slag; 40 lb. of iron e)re'; 100 lb. of cxikex Charge' 3: 10 It), of flue' dust; 
20 lb. of prc'cipitate'; 30 lb. of slag; 25 lb. of iron e)re'; 15 lb. of limc'- 
stone. Thc'se^ eliarge's gave' a slag exirrying from five^ to II eiz. of silve*r 
per ton. 

The charge being so riedi in silver no h'ad is nexx'ssary. As se)e)n as the', 
crucible is half full of bullieni the^ nu'tal is elrawn off into me)lds. A small 
amount of speuss is also fe)rmeel. The^ bullion runs 800 fint^ ami is me'liesl 
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down in the reverberatory with the sponge. It is only necessary to run 
the blast furnace one day in every 10, to clean up all the by-products. 

The only product marketed is fine silver. It is shipped direct to 
London and sold at the daily quotation without refining charge. Ship- 
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ments this year have amounted to 370,000 oz. per month. The bullion 
carries 0.0043 % gold, equal to about $1 per 1200-oz. bar. The total cost 
of the plant was $67,757, which includes sampler,*mill'and'refinery. 
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NIPISSING HIGH-GRADE MILL, COBALT Concluded 

Tlu^ works of tlu^ Ni))issing Mining (k)., LkL, is situa.i(‘(l on i hc (‘a.s(. 
side of ('obalt Lak(‘, lu^arly opposites the town of (-obalt in ()nt.ario. l'h(‘ 
company ha.s liad to solves a m(‘tallurgi(^al prol)l(an tluit pr<\s(‘nt(‘d unusual 
foatures, and has resulbnl in a uniqm^ })lant for milling tlu^ high-grad<‘ 
silver ore* 

Ore Character. Th(‘ or(^ to b(‘ tr(‘at(‘d contains a larg(‘ vari(‘ty of 
elements, among which may b(‘ numtiotual about *10% a,rs(‘ni(‘, 0^;/, (‘obaK, 
G to 7% nick(‘l and varying p(‘r(‘entag(‘s of antimony, nia.ngan<‘S(‘ and a 
large amount of sulphur. 

In addition i.o t.h(‘ (^l(‘m(‘nts aln^ady m(mtion(‘d, th(‘ or(‘ is ('xtrcaiu^ly 
ri(‘,h in silver, lading indeanl om^ which is not usuaily consideiaal in any 
s(ms(‘ a milling or(\ I(. carries from 2()()0 to 4000 oz. pea* ton, a,n avenaige* of 
2500 oz. silver pea* ton beang usual over long pea-iods of tinn*. 

Th(‘ sugg(‘stion of trcaiting an or(‘ of this grad(\ runiiing luairly SO kg. 
per ton in silver, by any milling prexa^ss woulel be! ireaiteai warily by most 
metallurgists, the! elifne*ultie!S eartain te) be! e!nea)uutere!d beang me)re‘ than 
most woulel eaire* to face. The first impulse we)uld be! to shi[) this rie4i 
ore to a srnedteay in the‘ cemfieleaice that a neairly te)tal e^xt rae*tie)n might be^ 
obtaineal at a ea)st Ie)wer tlian ea)ulel be‘ he)peal fe)r unelea’ milling eamelit ie)ns. 

After eaire^ful ea)nsielea‘atie)n, Iie>we‘ver, the^ Nipissing Mining (h)., I4(!., 
of which U. B. Watson is manager, came! to t he! (!e)ne!lusion that t he* high- 
e!st eaa)ne)my lay in treading the* ere* e)n thegrouuel, making emly erne* prod- 
ue*t bullion. The* pre)l)l(*ms e)f metallurgy were! plae*(‘el in i.he* hands 
of ( Uiarle*s Butters, e*e)nsulting mevtallurgist for the! (a)mpa,ny, assist.eal by 
(}. H. (Ue*v(*nger anelJame*s Johnste)n, who built the! mill anel has sinea* beam 
in e!harge! of it. The* r(!sult is the* so-eailleal high-graele! mill. 

Ore! of tliis chara(!t(a% containing as it de)e*s, pi(a*<‘s of roeii of varying 
grade from nothing up te) native! silver, (jannot be* satisfactorily sainphal in 
a coarse! state!. At the! Nii)issing mill the sampling is done* aft(‘r the* ball 
mill has crusheal the* entire material to pass a 2()“me‘sh ser(‘(*n, whe*n it (‘un 
be done witfi ae!cura(!y. 

As all the l)r(*aking and grinding up te) this point is pe*rf()rm(*d on the* 
dry ore, tlierc! is naturally some* elust fe)rme‘d, and it follows from the* grade* 
of the mat(!rial that tins dust (!ontains a valuable! epiant.ity e)f silve'r. In 
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are led to places where it can best be collected, the fan delivering into a 
baghouse from which point it may be returned to the treatment system. 

The fine ore.is taken to a platform over a 4x20“ft. 

Krupp tube mill. This portion of the metallurgy is unique and somewhat 
astonishing. 

Extraordinary Amalgamation.—The tube mill has its axial entrances 
sealed up except for a small compressed-air pipe which enters it at one 
end and a corresponding air exit at the other end. The mill has the usual 
manholes in the tube, but these are seldom used. Instead there are three 
handholes with the usual covers equally spaced over the length of the 
mill on the same horizontal line. Through these holes the mill is charged 
and discharged, the larger holes being necessary only when relining or 
repairing inside the tube. 

Here, then, is a tube mill used as an amalgamating barrel, but under 
conditions which were probably never before sought for amalgamating 
purposes. The combination of an extremely high cyanide solution, a 
complex ore which contains all sorts of elements, and mercury all ground 
violently in a pebble mill, would seem to induce conditions quite the 
reverse of satisfactory. The natural expectation is that the mercury 
would become floured and that a large loss of it would be incurred. 
Particularly would this seem to be the case after the absorption of a 
quantity of silver would have resulted in the formation of amalgam with 
a tendency toward granulation, an ideal condition to be thoroughly 
'^sickened^^ by the foreign elements in the ore. 

It is stated that this does not occur, which must be largely due to the 
strong cyanide solution keeping the mercury clean and allowing the fine 
particles to coalesce without hindrance from a coating of foreign sub¬ 
stances. The heat formed in the mill may also have some effect in a 
beneficial way by tending to keep the mercury fluid and active. There is 
a great deal of heat generated in the mill, in fact steam would be formed 
were it not for the stream of compressed air which enters one axis of the 
mill and is discharged through a standing pipe at the other. This keeps 
down the temperature, though even with this cooling assistance the tem¬ 
perature of the mixture after completion of the agitation period is about 
90 degrees. 

Use of Chemicals.—It is noteworthy that neither lime nor lead salts 
are used during this process, and that after the agitation is complete, there 
is still sufficient cyanide to carry on the subsequent operations without 
further addition. The amount originally added to the tube mill is 
sufficient to produce a very strong solution, which is capable of partially 
outlasting the destroying effect encountered within the mill. 

The agitation is continued for nine hours, after which time 97% of 
the contained silver has been extracted from the ore. The tube mill 
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makes 37 r.i).in. and, <‘()uii-a.ry to tlie goma-al practice of the day, is lined 
with silex bricdc. 

Power. Th(‘ <*har^-(‘ whi(‘h is put into the mill fills it more than 
lialf full; t.h(H-(‘ is lit-th' spa,(‘(' i(‘ft after putting in the total charge. This 
results in l)ahin(‘ing i lu^ mill so that during the agitation process it requires 
only about 17 hp. to k(‘<‘p it in motion. When the mill is emptied 
of the (^harg(‘ and contains only th(‘ p(‘l)I)l(\s, it requires nearly 40 hp. to 
move it. 

Cyaniding the Pulp. TIh^ agitating tanks aia^ of tlie flat-bottomed 
typ(‘, having mecluini(*al agitating api)lia.n(‘(‘s. These consist of a verticud 
sliaft, to whi(*h arms a.rc^ fix(Hl, n^acdiing mairly to the peripluay of the 
tank. Tlu^ v(U'ii(*al shaft is mov(‘d at a rat(^ of 30 r.p.m., l)y means of 
(‘,rown wh('(‘l and pinion g(‘a.ri!ig. The high specal of th(\s(^ agitators 
is wortiiy of not.<', t lu^ n(a*(‘ssity for it Ixang found in thc^ high si)ecific 
gravity of th(‘ or(‘, which is almost (‘((uai to an ordinary (*onccntrate. 
B(‘sides, tlu' or(‘ is so hard t hat, only a small portion of it ev(‘r Ix'comes a 
tru(^ sUm(‘, but. rcunains in agranular form and has that teudemy tos(‘ttl(‘ 
charart(‘risti(‘ of such nnit(‘ria,l. flflie high sp(‘ed is mxx'ssary to ke(‘p tlu' 
solids ill suspiuisiou. 

Th(' striking lVal.ur(‘ of t lu' cyauidat.ion of tlx^ ])ulp is not in tlu^ method 
followixl, wliicli is tlH‘ usual omv, but in tlu' fart that it is (uirried out in 
solutions, whi(‘h must mxx'ssarily Ix^ in a stat(‘ which is not usually 
r(‘gardi‘d as b(‘ing (tlicicuit. for cyanidation. A considiu-ation of what th(\s(‘ 
solutions must (‘ontaiu, coming, as tiny do, from intimati^ contact with 
the congloima-ation of (‘hamait.s found in tlu^ tulx' mill, will indicaitc^ that 
they must lx‘ more* or h'ss foul and in a condition whiidi is not favoralih' to 

maximum (‘niiaiuny. This mattia* will lx* r(*lerr(xl to latc'r. 

Precipitating the Solution Content, solutions art’: prtuupitattxl 

by nutans of //me sluivdngs in a. box of tlu^ usual d(‘sign, which has eight 
compartnuaits, (‘ach com|)artm(*nt having room for about six (uibit*. fe(‘t 
of zinc. Th<‘ shaving ustxl is ratluu* coarstr than tluit usually ustxl, 
nvscanbling a, stout wirta t.h(‘ witlth of th(‘ shaving Ixung luuirly etpial to 

tlu^ thickru^ss of the shetd from which it is cut. 

'rht^ ndiixuy thquirtnumt jinssents som(‘ unusual fcaitures. Tluua^ are 
six ndorts of tlu‘ horizontal tubular ty[H^ s(‘t in brick, each rcdiort mcuisur- 
ing 14 XbO in. Th(*s(‘ r(‘t.ort.s art^ luaittxl by oil liurnt'rs, thus making tln^ 
operation simphu*, cl(‘a.n(‘r and <‘asi(‘r than wlnui wotxl or coal is ustul. Tlie 
oil bunuTs ar(‘ (‘apabh* of gcuu'rating a d(‘grec of Inait whitdi is entirtdy 

satisfatd.ory and tlx* o[X‘ration is not troublesonx^. 

Th(‘ pr(*cipitat(i from tlx^ cyanidt* d(*partment is mix(*d with a bora.x- 
soda flux of tlx* composition usual for precipitate, bri(pxd4.(*d and melted 
in a small lilast furmx^e, togetlx*r with tlx* skirnmings from the reverb(*ra- 
tory furnacii and otlx*r cleanings of value. This blast-furnace system of 

3 
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melting is not new, having been practised before in different places. It is 
a good system when properly followed, but is not to be promiscuously 
recommended. 

From the standpoint of cyanidation there are several points about this 
metallurgy which attract attention. The first one is the use of a solution 
high in cyanide content for the amalgamation process. Of course, the 
intention is to use the cyanide entirely as an aid in amalgamation, there 
being not the least effort to put silver into solution during this stage. 
Nevertheless a portion of the silver must be dissolved along with a large 
number of other elements. The wonder is that there is any available 
cyanide left at all after the amalgamation period is over. 

Considerations of Theory.—A question which is naturally suggested is 
whether the mercury is dissolved to any extent, and if so, what becomes of 
it. Some authorities claim that mercury in the native state is not dis¬ 
solved by cyanide solutions while others take the opposite view. I 
am inclined to believe that it depends a great deal upon conditions. A 
volume of mercury in quiet contact with cyanide solution will probably 
not dissolve to any great extent, but mercury in a finely divided state and 
amalgamated with other metals will be likely to go into solution. Such a 
finely divided and amalgamated state is certain to exist inside the tube 
mill during the amalgamation period when it is subjected to the grinding 
action of the pebbles, and it seems quite likely that a portion of the mer¬ 
cury would be dissolved. In any case it is well known that some com¬ 
pounds of mercury are readily soluble in ordinary cyanide solutions and 
it is not at all unlikely that some such compounds are formed during the 
amalgamation period, so that it seems reasonable to assume that there 
would be some mercury in the solution. 

If this is. agreed upon it is easy to see why lead salts are not necessary 
in subsequent cyanide treatment, for the mercury would decompose the 
soluble sulphides precipitating HgS. In addition, the double cyanide of 
mercury, K 2 Hg(CN) 4 , formed is an active solvent of .silver and might 
assist in recovering additional amounts of it. 

While it has been stated that no lime is added to the tube mill during 
the amalgamation period, the fact that mill solutions are used makes it 
necessary that lime in solution be present, at least at the initial period, 
though it is conceivable that it would be destroyed soon after agitation 
had been started. 

In addition to the mercury there are elements in the ore, such as 
nickel, cobalt, manganese, sulphur, and arsenic, which would enter solu¬ 
tion. This presents an opportunity for all sorts of chemical reactions 
to take place which would be exceedingly difficult to follow. The well 
known affinity of mercury for sulphur would account for its removal from 
solution and it seems likely that the other elements would be precipitated 
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in some form at some stage of treatment. It is only reasonable^ to ('X|)(M‘t 
that the solution of the metallic elements as cyanides and their (‘onst‘(iU(‘nt 
transformation into other forms would act as reducers to the solution, 
robbing them of some of the oxygen which would otherwise^ b(‘ availabl(‘ 
and retarding the dissolution of silver. 

Character of Solutions.—A peculiarity of the solutions us(h1 in (his 
treatment is that they contain quantities of a brownish-black |)r(M‘ipitatc‘ 
floating in tln'in. This precipitate is not noticeable until th(‘ solutions 
enter tlu^ pre(U[)itation box where so much of it is liberatcMl that it obscur(‘S 
the zinc. In spite of this condition, which would appaiauit-ly b(‘ fat al (.o 
good pre(‘.ipitation, tlu^, results are good, as shown by tiu' solutioii assays 
already given, and the action in the zinc box is liv('Iy and normal, shown 
by the evolution of gas. 

The floating prcHupitate is light in w(‘ight and (lo(‘S not rcmuiin on t he 
zinc to any larg(^ (‘xtent, but does settle in the sunq) tank, an analysis of 
it showing that it contains pra(d.ically all the (^lenumts numtioncMl as 
existing in the on^ togevther with portions of zinc and mcuaniry. 

The ziiu^ in tlu^ zinc box does not show much (‘Hkad. of mmmvy, 
which has the property of amalgamating with tlu^ zim^ arid (‘ausing it to 
break up into a soft mass of short, amalgamat'd zinc. TIusa' may Ih' 
some slight indicaitiori of it, l)ut not (uiough to ac(a)unt for tin* pia'scuna' of 
any considerable (piantity of mercury in the solution. 
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THE HOLLINGER MILL, PORCUPINE 

The plant of the Hollinger Gold Mines, Ltd., is situated east of Miller 
Lake, near the town of Timmins in the Porcupine district of Ontario, 
Canada. The mill occupies a site on the side of a hill in proximity to the 
main shaft from which the ore is hoisted from the mine. The ore is 
broken to a size appropriate for stamp milling at the shaft head and 
is then conveyed by means of an inclined belt conveyor to the mill bins, 
where it begins the process of reduction. The accompanying engraving of 
an east view of the mill shows the conveyor which carries the broken ore 
to the mill bins. 

Ore Classification.—The ore, in which gold is the valuable constituent, 
is comparatively soft and is easily crushed, the crushing and grinding 
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machinery having a high rate of efficiency, as will be shown. The mill 
run consists of about two-thirds sericitic schist and about one-third quartz, 
all the rock being highly schistose and for this reason easily crushed and 
ground. While a good proportion of slime is formed, there is also a large 
proportion of fine sand in the product which passes a 200-mesh screen. 
Thus a product for treatment is formed which is largely granular in 
character and which presents the diflSculties usually encountered in a 
pulp of this character. The mineral is heavy, the dry slime having a 
sneeifip, orA.vitv nf 9, A -nnlrk nf 










TUK IIOLLINCJIOR MILL, P0R,CUPINL: 


2!) 


some to handle on a(*(‘()uut of its t(nulen(*.y to settle at ev(4*y opporiainil-y, 
and the maehinery for liandlin^ it lias to be designed pa,rti(*ula.rly wit h i.h(‘ 
idea of obviating, as fa,r as possibh^, every ehaiua^ for tlii^ h(‘a,v\\ granular 
solids to Seattle and giva^ iroubh^ in treatment. 

The ore from tlu‘ miia^ is first ])assed through a No. 7 KtauuMly gy¬ 
ratory crusher, aftcT which it g()(\s through a troiunu^l having 2.l»iu, 
openings, the und(‘rsiz(‘ going directly to the 2()-in. irndimul Ix^lt (‘onv(*yor, 
which carries it to tlu^ mill, while th(‘ oversize is jiassed through a, 2()X 10- 
in. Allis-Chiahmu's I^la.k(‘ (‘rusher, which redu(‘.es all t.h<‘ ro(‘k fo 2.1 in. 
The crusluHl ore joins th(‘ undersizes from the tromnu'l on th(‘ (‘onvc'vor 
belt. 

The imdine (‘oiuawor d(‘Hv(‘rs th(‘ ons to a cross eonvewor which 
rc'aclu's ovct tins top of th(‘ mill l)in and, b.v mesa, us of a Ilobbins (rippta*, 
the ore can b(s (hvlivnaasl at any dcssiresd point in tins bin. The* bin is of 
wooden construcstion with flat lioitom a.nd has a. fsa])a.(*it'y of 1000 t.ons of 
ro(‘k. 

Susiiended (diall(mg(‘ ftaxlers d(‘liv(‘r th(‘ ores to tlu‘ sf.a.mps, of whi(‘h 
thc're ans'K) of 1500 lb. (aich, dropping in a narrow mortar of th(‘ typ(‘ us(mI 
for speeal (‘rushing. Th(‘ luaght of drop is OJ in. and f lu* fr(‘(pi(‘ncy is 
100 droi)S |)(‘r minu((‘. 

The scre(‘ns useal in th(‘ batUay ar(‘ of th(‘ slot form of win‘clot h, t.h(‘ 
size us(h1 b(‘ing about six m(‘sh in width and about ] in. long. 

Mxp(‘rim(‘nts nuuh' on (‘rusliing capacity show that, through a. 1 bnu'sh 
scream of this tyix* a capacity of (‘iglit tons pea* stam|) p(a' 21 hr. is oi)tain(‘d; 
with ()-m(‘sh, 9J tons and with -l-nunsh, 12i tons. The seaaa'U normally 
us(‘d at the pr(‘S(snt tim(‘ is th(‘ O-messh and a r(‘gular crushing of 0^ tons, 
possibly a littl(‘ in (‘X(a*ss of this figure, is obtained. 

(haishing is d()n(‘ in (yainid<‘ solution of l.J lb. K('N p(‘r ton, tin* 
ratio Ixang five of solution to one' of ona The mortars ar(‘ arning(‘d so t hat. 
the Ixaght of disc-harg(‘ is two indues. 

ClassijSer and Tube-mill Arrangement. From tlu^ st4im{)s t h(‘ ore* is 
carrhid liy gravity to four Dorr dupl(‘x classifiers of tlu^ B(‘lmout typ(‘. 
This typ(‘ of ma(‘hin<‘ is fit teal with a crank arrangeaiuait with whi(‘h th(‘ 
rak(‘s may lx‘ lifhal a-bovc the^ Ixal of sand and th(‘ ma(‘hin(‘ started. 
This is of gr(‘at s(‘rvi(*a‘ wlxm a larger amount of sand has sctthal in t lH‘ 
classificT alt(T a shut-down, the rakes beung gradually loweiaal into tin* 
settleal sand and raking it out by dc'grees. 

Th(^ sand from t!i(‘ elassifieTs is n'ground in four Allisd diaimes’s t.ul)(‘ 
mills each 5X20 ft. d'’h(‘y arc lineal with silc^x brick, th(‘ bri(‘k l)(‘ing sevt 
on edge in tli(‘ mill, thus giving thickne^ss which aids in giving long life 
of th(i lining. At pressemt no ideal of the* life* of these* linings can be* obtaineal 
because the original linings are* at work and do not sliovv any gr(‘n.t indi¬ 
cations of weair. 
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The tube mills nre fitted with special spiral scoop feeders, 22 ia. in 
diameter. Through ^these feeders the daily addition of pebbles is also 
put into the mill. ^ 1 he pebble charge is about six tons to each mill and 
the consumption is approximately two pounds per ton of ore ground. 
The consumption of pebl)les was higher at first, reaching four pounds per 
ton at one time, but is gradually becoming less and it is expected that the 
normal consumption will remain at about two pounds per ton. 

The consistc^ncy of the pulp fed to the tube mills varies somewhat 
from that usually (^onsidorcul most efficient and is the result of experiments 
undertaken to dcdermiiie the most efficient dilution. The weight of the 
solids in this case makes it most efficient to use a thick pulp, 33 % moisture 
having proved to give the best results. The mills make 28 r.p.m., use 
No. 1 Danish pebl)l(\s and grind 90 tons per 24 hr. to a point such that 
90% passes a 200-meHli screen. The illustration shows the arrangement 
of the stamps, classifi(‘rs and tube mills. 

Driving the Stamps and Tube Mills.—At this mill an original device, 
by means of which a unit, of 10 stamps and one tube mill is driven from one 
motor, is installed. The motor, of 100 h.p., is connected with a 3rl"'~in. 
line shaft by means of a H.(y nolds silent-chain drive, and this shaft passes 
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to stam|)-mill lim‘ shaft,, of 2l S in., at right angles, moving it by means of 
a miter gear. Th(^ motor sliaft continues to the front of the batteries and 
is directly geared to t,he tube mill. The-advantage claimed for this 
arrangement is that the* full power of the motor may be utilized for start¬ 
ing the tube mill aftcT a shutdown; the power is sufficient to overcome the 
inertia of the loaded mill, the stamps being hung up while this is done. 
The cam shaft for the 10 stamps, six inches in diameter, is in two parts 
and is driven bv a nullev on each end. The arrangement of the driving 
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motor aiul shafts is shown in th(^ a.<*(*onipauyiii^ plan of tlu^ mill. 'Phis ar¬ 
rangement, while having the advantage (claimed foi* it, ha,s also th(‘ ai>pa.r- 
ent disadvantage of being subj(‘ct to br(\‘dcage due to the ciyslalli^ation 
of the metal of tlie g<‘ars from the constant vibration <*a,us(‘d l)y tlu^ stMamps. 
As a matter of fact some of thes(^ gc'ars hav(^ alrcaidy broktm, but it is 
considered that the advantages of the system out^wc^igh th(‘ disadvanl.ag(\s. 

Removing Gold by Concentration. .',Ph(‘slim(vi)rodu(d. from tlu^ (‘lassi- 

fiers is led to a scavies of woochm (hnvatoring hoxass, 20 in mimlxa’, <‘ach 
GXOXt) ft., having pointtnl ()ottom and goostvmx^k discha.rg{‘. This <I(‘- 
watering plant is lauilly two lO-compartnuait spitzka-stem, and is us(xl 
to obtain a pulp thi(‘k enough for elPicumt eoiuamtration. 'Phe^ umha-llow 
from the spitzkasttm, at a dilution of threx' of solution to oiu^ of solids, is 
led to 40 No. 3 DeistcT slimes cotiecaitrators. The concurntrators arc^ in¬ 
stalled for the soh^ purpose of nanoving from tlu‘ pulp th<‘ eotti{)aratively 
(X)arse particles of gold which would najuiia*. a long time*, to dissoIv(^ in tlu^ 
cyanide solutions us(al. Tluaa^ is not a giaait (had of this gold that (‘V(‘r 
appears on th(^ tabl(‘s, most of it l)eing ndaimal in ilu^ tulx^ mill a-nd 
ground until it is dissolv(‘d in tlu^ solution. 

Gold, even in linci states do(‘s not show on tlu^ tabh's unl(‘ss thcMH^ has 
been an unusual (juantity of (‘xtnamdy high-grad(‘ or(‘ milhnl, whi(*h is 
exceptional. Tlu^ (‘xpcxdation, wlnm thc‘ mill wa.s d(\sign(Ml, was that there* 
would b(^ a larg(^ (piantity of eomparativu'ly coarsen gold, which would 
come out of tluj tula* mill and would tak<^ such a. long time* to dissolve* in 
cyanide solution tlnit llu'n* would bt* dang(‘r of its b(‘ing in(*oinpl(d(‘ly dis- 
solvcxl and dischargesl in tin* tailing. This id(*a has prov(xl to lx* g(‘m*rally 
incorrect, the (*oars(*r partich's of gold lading ground up and dissolvc‘d to a, 
great extent in tlx; tube* mill. Tlx^ (*on(U‘ntrat(^ r(‘eov(‘r(*d, howiwa*!*, is 
high in gold and is tn^abxl s(*parat(^ly on tlx* ground. 

Amalgamation of Concentrate. -Tlx* (x)tie(‘ntrat(* from tlxi tabh‘H 
drops direcdly into (‘.onduits in the door, which aia* (‘(|uip()(*d with sjjiral 
steel conveyors by means of whicdi it is (mnvtycHl to tlui (uxl of tlx* (‘on- 
centrator room, wlxxc^ it is r(‘(*(*iv(‘d by a (;ross eonv(*yor of tlx*, sanu* typ(t 
and delivered into tlx* boot of a b(*It-and~bu(*k(!t (‘htvaior. This spiral 
conveying system would s(H*m to b(^ a ratix*r (*xp(*nsiv(* way of (tonvtying 
concentrate on account of tlx^ large* amount of power usually (*onsumc*d by 
machinery of that class. Bereav conveyors arc* usually not consid(*rc*d 
altogether satisfactory on ttiat ac(U)mit. 

The concentrate is (‘hwateel to a laund(*r whieJi dc'livtx^s ii into four 
wooden, flat-bottom Ians, eacli 4X7X5 ft., where it is stor(*d and shov(‘Ied 
out as required in tlie amalgamatioti tr(*atm(‘!it. 

There are installed four ('halrners Williams standard WIx*(4(*r pans, 
five feet in diameter, and into each of tlxjse is chargcal 1,5 ions of eoncxm- 
trate, 100 lb. of mercury and some lye for keeping the mercury clean, the 




32 


DETAILS OF DYANIDE VllMmCK 


pan being filled up with solution. mull(‘rs of (lit‘ p:in art* hd. down and 

grinding is continued for oiu^ hour, ar((‘r which t hr(‘(‘ hours avv (l(‘vot(Ml to 
amalgamation. The pulp is tluai passt^d to two Sd’t. s(dth‘rs, whcu'c 
settling is completed in four hours, tlu^ ainalgani l>(‘ing drawn off and 
cleaned up in a small (dean-up pa,n. In this way about ol 

gold contained in the conccmtratn is r(‘(‘ov(‘r(‘d, t h(‘ aiualgani Ixaug stmt to 
the refinery, where it is rcTorttnl and tlu' rt‘sultaut' sptyngt' addcal to t.he 
bullion obtaiimd from the rt^gular c.yanidt* tn‘atnumt. 

As already mcvntioimd, the original sclumu' of In^alnumt intdudtMl this 
concentration and amalgamation lor tin' purpos(‘ ot taking (*ar(‘ oi tlu^ 
expected quantity of coars(^ gold, but that has not bt‘(‘u (‘ncouut^aaHl in 
practice and it is altogether probal)lt\ according to tht‘ inanagenHmt, that 
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this step in the pro(a*ss can be* hdt out, (ht‘ straight eyariide treatnuait 
being able to recovtT as much gold wiiliout it. IdxfHTinHuds toward this 
end are being undcTtakcm and a dcadsion will b(‘ inadi* wit liin a hnv months 
as to the course which will be pursm'd. Tin* illustration slmws the* pre^s- 
ent installation of l)ins, pans and stdtlers, togidlmr with t!n‘ (devator 
which brings the concentrab* from tin* hwad c*f the eomamtrator room. 

Mechanical Pulp Thickening. Tin* tailing from tdie ('om^entrators is 
joimul by the solution whicdi was takem from it by tlm .spitzknstim and 
goes to two Aldrich triplc^x sliim^ punqis, c'utdi lOX 12 im, whicdi d(div(T 
to four Dorr thickeiUTS. Tlu^s<‘ thwkiuuT tanks are 30X12 ft. and the 
scraper arms mak(i | n^volutiou p(‘r minute. 

Each tripl(‘x pump is opcTabal by a 104ip. motor and lifts t la^ slime in 
an 8-in. spiral-rivcded pipe through 30 ft. lo<hdiver into tlie thhdieners. 
The pulp from the amalgamation tnmtimmi ioins the comamtrator tailing 
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thickeners deliver an uudc^rhow coiitaiuiiig 48% moisture whic^h is ele¬ 
vated in two belt-and-l)uek(‘t (‘k^vators with lO-iu. buek(4-s into the tr('a,t- 
ment tanks. 

The pulp goin^* into th(‘ Dorr t.hickxnu'rs r(H*eiv(\s tlie lim(‘ whicdi is 
required for treatimait. ''flu' dry lime in a fiiu^ stat(' is put into a small 
pan and an emulsion is madi^, whi(‘h is {\h[ (a)utinuously into the pulp as 
it enters the thic^kxmx'rs. A pori.ion of tlu^ liim^ is so (‘oarsc^ that, it do('S not 
dissolve or float out of tlu^ (anulsifying pan, and this portion is r(‘(‘over(Hl 
and put into the mortars of tlu^ battery, wla^re it is soon, groiuid up and 
dissolved. Tlu^ total (puuiiity of linu^ addcnl is at the rat(' of live pounds 
per ton of dry ovo. 

Agitation of Heavy Solids..Tluaa^ ar(‘ four agitating tanks cacti 30 X IT) 

ft. with flat bottoms whi(*h arc^ (‘quippc'd with Trcmt agitai.ors o])erat(Hl 
by 6-in. Morris (amtrifugal |)umps. The [)ulp is trc^atcal (‘ontinuously 
through three of th(ss(‘ tanks, tli(‘ kuigth of tim(‘ of this passages Ixung 
about 48 lir., expca-icmec^ liaving shown tha,t this is sulficacait time' for 
treatment; tlu^ fourth (.a.nk is r(‘S(‘rv(Ml a.s a spare. l)u(‘ t.o the high spev 
cific gravity of tlu‘ solids fh(ss(‘ agitai.ors havc^ beam unsmaiessful in hand¬ 
ling the ])ulp in th(‘ agitation tanks. Tiu^ pulp caumot b(‘ suecasssfully 
agitated if tliis is thictvca* tliau3: I , tlu^ powca* for moving tiu* arms running 
as high as 18 h|). pea* tank. 

At th(^ 3:1 dilut.ion the', sand and granular sliim^ scdt.le in tlu^ i.anks, 
stopping th(' agitator arms and giving an (mdksss amount of troulika This 
trouble extemds to tlu' filiration (kqiartnumt wlu're, on a(‘eount of having 
to filter a dilute' pul[), tlu' o[)(‘ration cannot Ix' pc'rfornu'd in an (‘fhcucmt 
manner. On ac'count of tlu' difnculty (‘xpcaic'ma'd with tlu'sc' agitators it 
has liecvn (k'cidc'd to nanove tluan and install an agitator of a dilTen'ut 
typ(‘, which will be d(^s(u*ib(sl. With tlui Trc'iit agitators, in addition to 
the difficulty insider tlui tank, tlu'rc^ is the diirKuilt-y (‘X|)(‘ri(m(‘('d with tlu^ 
use of centrifugal pumps. With tlu' pum|>s used this consists principally 
in the difficulty and (imc' rcupiircxl to take tluan apart and ('xamim^ th<! 
interior. 

The agitators to b(‘ instalkal an* tlu^ Dorr tyfx*, which is simply a 
mechanism with four rc'volving arms (*(piip[)(Ml with rak(*s (‘xacvtly as in 
the Dorr t!uck(*n(*r but rc'volving at a higher sfXH'd. Tlx* slinx* is rakcxl 
down to tlx* <*(*nt(*r of tlx* tank and is tlx*n liftc'd by m<*ans of an air lift 
situated in tlx* cent(*r of tlx* tank, circ'ulat.iou Ix'ing down through tlx* 
tank and up through tlx* air lift in tlx* c(‘nt(‘r. Idie systevm has lx*(*n 
tried in an (^xp(*rinx*ntal way at this mill and th(*r(* is now un(l(*r way tlx^ 
equiprncmt of tlx* spare* agitation tank, with tlx* agitation mec'hanism 
which will be giv(*n a thorough trial on a working s(*ak‘. Tlx^ arms will 
make 12 r.p.m. Tlu* solution uschI in tr(‘atm(*nt is 1.5 lb. KC 'N peu' ton, 
as is all the solution usexl in the mill. 
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Vacuum Filtration of Pulp.—The pulp from the treatri^^^*^ 
sent to the filter plant by gravity. The filter plant consisbt-^ ^ ^ 
installation of four baskets of 60 leaves each, the leaves 
each. There are six tanks in two units, each tank measuriiJ^^ 
wide and 9 ft. 6 in. long, and having sides nine feet deep ^ 

part, beside hopper bottoms which have 7 ft. 6 in. addit'i^^ 
There are five 10X7-in. Buffalo vacuum pumps, one for eac H 
one for the acid washing of the leaves. One crane handles tdi 
kets, having a capacity of 35 tons total load. The crane 
one of 40 hp. for the lift and one of 15 hp. for the lateral tr:t' 
trouble has been experienced with the crane, it apparently I ^ 
designed somewhat light for the work it has to perform. 

The cycle of operations is longer than should be necess*i'X'3 
being allowed for loading, during which time a cake ^ 

formed. One hour is allowed for solution wash and five * 
the water wash. Transferring the basket takes about t v 
and discharging the cake, which is done in the water washiiijuc ^ 
15 min. The discharge is continuous, the tailing containing 
moisture. 

It is extremely difficult to get efficient washing under tl 
obtaining with this filter because the slime is so dilute and t - 
heavy that they will not stay in suspension, the result beinp; t. 
a segregation in the cake, the lighter and more impenetrable*- 
at the top of the leaf, while further down it is more and more 
granular product until the bottom of the leaf contains a porous^* 
material which is to all intents sand, and through which the w? 
will pass, leaving the upper part of the leaf, which contains td ii 
practically unwashed. The filter tanks are supplied wibli 
assist in keeping the solids suspended, but they are not altog^c t 
and are rather troublesome to take care of. 

The major part of this filter difficulty is traceable to tHc* 
of the Trent agitators. With a properly thickened slime ^ 21 

proven in this case, less trouble will be experienced in keci>in 
in suspension and the homogeneous cake thus formed can % 

^ 97J% efficiency. It is expected that with the installatioi 
system of agitation a thick pulp, 1:1, will be maintained tliiN 
agitation and filtration system with beneficial results to bot.li. 

The loading solution from the filter plant, together witli t\ 
solution from the Dorr thickeners, is passed through two !2 
Merrill clarifying filters and to the pregnant-solution sun up 
there are two, each 22X20 ft. This solution is pumped oiit, ' 
a 7 X 9-in. Aldrich triplex solution pump, into which zitu* 
through a Merrill feeder at the rate of 0.2 lb. per ton of solu tdi 
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204eaf 52-in. Merrill triangular ])r(^ci])itate presses, where tlu^ |)r(‘eipitat(>. 
is recovered. Tlie regular addition of cyanides is made to the gold 
solution before ])re(*ipitaUou, th(‘ cyanide^ I)eing ground up and dissoivc'd 
in the flow of solution. No cyanide is achknl in any otlua* way in this 
mill. The solution pretapitated is a])out four tons to (‘vcaw ton of ore 
treated, the consumption of '/Aim Ix'ing 0.8 lb. per ton of or(‘ milk'd, dflu' 
precipitated solution is sa.mpk'd for tonnage' a.nd assay purpose's l)y a. 
tilting-biK'ket ek'vie'e'. 

The re'sulting pre'cipitate fre)m the' e*yaniek‘ tre'atme'ut is fluxe'el in the' 
following pre:)pe)rtie)ns: lk'e'e*ipitate, lOO; l)e)rax, 20; se>ela, 7; a,nel silic , 3. 
It is melte'el in a Me)nare‘h tilting furnaeu' using e)il fue'l, in a Ne). 275 
graphite crucible^ the' bullie)n be'ing re'ine'Ite'el in a, Ne). 00 crue*il>k'. The^ 
re^sulting bullion is about 700 fine ui ge)kl. It is e*e)nte'm|)la.te'el t hat late'r 
a lead stack will l)e instalk'el lor the^ ])urpe)se e>f me'lting elown t he' pre'eapi- 
tate with litharge' anel the'u e*npe'IIing it in an appre)priate‘ te'st. Hy this 
mc'ans a fnu'r bullie)n will l)e' pre)elue‘e'eh 

A plant fe)r sam{)rmg ttu^ e)r(' ge)ing te) the mill will be' e're'eheul at se)me‘ 
time in the^ ne'a-r future'. At- pre'se'ut e've'ry e‘a.r e)f ea-e' is wc'ighe'el anel a 
sample e)f it ta,k(‘n se) that se)me' iek'a. e)f the' we)rk ek)ne' ma.y l)e^ e)l)taine'el. 
The new plant will e‘e)nta,in Snyek'r anel Ve'zin sampk'rs a,nel a i)re)pe)rtk)ti e)f 
the C'ntire' ore' will be^ cut e)ut, re'eluce'el in small re>lls anel e*rushe'rs anel the' 
ensuing sam|)k' re'se'rve'el fe)r assay. 

The te)tal pe)we‘r re'ejuire'el t.e> e)pe‘rate‘ the' mill is aJ)e)ut 500 h.p., e'k'e*- 
trical curre'iit be'ing use'el fe)r all pur[)e>s('s. The' mill is e)f we)e)el e'e>nstrue*- 
tion, well built, a,nel is e‘e)ve're'el with e'eaTUgate'el ire)n. It is she'atlu'el 
inside with we)e)el e)ve‘r a laye'r e)f tarre'el pape'r anel is amply he'ate'el with 
stemrn, making a conddriabk' mill te) we)rk in eluring the' wint-e'r s('a,se)n. 

Metallurgical Simplicity. ''Phe're' are' ne) gre'a,t me'tallurgieail elifli- 
cultic's, the)se' that we're' e'Xpe'ede'el be'fe)re* ope‘ratie)ns we're' e'onntu'ne'e'el 
having faik'el to maie*ria.lize‘. The' oim is ck'an a.nel e‘e)ntains ne) re^be'llious 
(dements a.nd the' ge)kl elissolve's e'asily in f lu' we'a.k e*yaniek' solutions use'd. 
The ore' de)(‘s ne)t ek've'lop mue'h a,e*iel as is shown by t,hc‘ small eiuantity 
of lime use'd during the' tre'atme'iit. It might be' salVly said that the' e)nly 
probk'ins whiedi liave' be'e'u (‘iicounte're'el are' the' me'e'hanie'al one's alre'ady 
mentioru'd as elue^ te) the' high spe'cific gravity anel granuhir e‘ha,racte'r of the' 
solids in the' pulp. 

The r('ce)ve'ry of gold is t.horoughly satisfactory, a total (‘xtraction of 
93% being obtaine'd e've'ti unek'r the' pre'semt e'ire'umstane'e's of me'e*hani(*al 
impe'rfcK'tion. Of the' gold re'(*ove‘re‘el, about 8577 dissolve'd in the grinel- 
ing operations, whie'h are^ inte'uek'd to include' stamping, e'lassifying and 
tube milling, a.nd 1577 iii the agitation ek'partnu'nt.. Tlie^ high |)(‘rc('nt- 
age of gold dissolve'el in grinding is worthy of note'. It is usually true' 
that a large proportion of me'tals is dissolve'd in the' grinding de^partment, 
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but not much attention has been given to a study of the fact and utiliza¬ 
tion of the opportunity presented. 

The dissolving rate is largely due to the efficiency of the tube mill as 
an agitating machine, the grinding action of pebbles liberating and clean¬ 
ing the gold and getting it in contact with solution in a condition most 
conducive to prompt dissolution. For this reason it is good practice to 
make the most of the tube-mill action and do everything to assist the 
extraction of metal at this point. I believe it is a good thing to freshen 
up the solution just before going into the tube mill either by adding fresh 
cyanide, part or all of the addition that is regularly made, or by using a 
solution which has been freshly rejuvenated by means of some one of the 
accepted methods. 

The general run of ore milled has a value of about $20 per ton, of which 
about 98% is recovered in the mill. The mill started operations in June 
of this year and the greater part of the elapsed time has been taken up in 
systematizing the operation, making necessary minor changes and in 
general tuning up the mill so that a normal basis of cost could be obtained. 
The mill is now running well and the cost is not excessive, but the manage¬ 
ment desire to establish the costs firmly before publishing any data. 

The mill is well built, compact and convenient, and reflects credit on 
its constructing engineer, A, G. Kirby. The operations of the Hollinger 
Gold Mines, Ltd., are under the direction of P. A. Robbins, manager, and 
the mill is superintended by Noel Cunningham. 
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Tli(\ i)roport.y of tho Donu' Minos (!o., Ltd., is situat.(‘d ahoul, 2.\ 
miles west of the town of SoulR Poreupine, Ont Tlu^ i>roperl,y is famous 
as the first diseovca-y in tlui di.sf.ricd,, and lias lieen tho sulijeet of great, in¬ 
terest and diseussion among mining men. It has lieen dcweloiied for some 
time, and is now equipped with-a modern mining plant, a power [ilanl., a 
modern 40-stamp mill and eyanide plant, started in March, 1912. 

Typical Porcupine Ore. -The ore is white quartz and schist., the (piart.z 
occurring as stringers and veins of various width running in different direc¬ 
tions through t.he schist country. Within the ])aya,I)lo zone' tlie rock is so 
impregnated witli gold that, no attempt is made to separate it, t.he wliole 
product hi'ing simt to the mill as mined. The ore is simihu- in character 
to that of the riolliuger mini', hut the Dome ore is harder, tliough it does 
not reach a point where it could he called diriieult to crush. In common 
with tlic ores of t.he camp and district in general, it has a high sjiecinc 
gravity, the dry slime treahsl in the mill having a siu'cifie gravity of ahout 
2.8, and the ri'sultant sliiru^ is largely granular in cliaraet.(‘r. 11 has heeii 
determined that the pulp under treatment contains ahout 25% colloid 
slime, the rest of the product hi'ing granular and heavy. 

The mill is a modiTn structure with steel frame, concrete foundations 
and floors, and, a feature which is often forgotten in mill construction, 
excellently lightisl with windows and skylights, making it easy and (tou- 
vonieut to work in any part of thi! mill without artificial light in the day 
time. In view of the prevailing gloomy weather of the district, f.his is a 
distinct advantage tending f.()W)ir(i more and better work and has a real 
value in dollars and cents, 'i'he building is heated by steam, a se|)aratc 
boiler installed in thi! mill for that [)urpose being of suflicient sizi' to make 
till', building comfortahli! at all timcNS. 

The ore going to tlui mill comes from two diff(;ront plactis, two sets of 
tracks entc^ring tin; cruslu'r lu)use. The crusher house is H(q)arat(! from t.he 
mill and is on the ground hsved. The ore, entering in cars moved by a 
lioist with an endless wires rope, is thrown first into a No. 7.| Kemuedy 
gyratory crushcer. This crusher discharges to a grizzly with l|-in. open¬ 
ings. The oversiz(i is [)ut through two No. 3 Kennedy gyratory crushers. 
All the or(;, aft(!r passing through these crushers, will pass a I|-in. ring. 
This is somciwhat smaller than is usually nec('.ssary for feteding stamps, hut 
in the case of the Dome ore experience has proved that if crushing is not 
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rather fine, slab-shaped pieces of ore are likely to pass through the crushers 
without being sufficiently reduced. To avoid this (‘ondition, tlui crusli(4*s 
are set rather close, and the result is that tlu^ ])roduc*.t is all of a good size to 
go through the feeders and into the mortars. 

Ore Delivery from Mine to MilL—Tlu^ ore from tlu^ final (‘rush<u*s 
falls upon an inclined belt (U)UV(iyor by nutans of which it is carried int(> 
the mill bins. The b(4t is 20 in. wide and risers at an iiudiiu^ of about 
202°, travc'ling at th(‘ rat(^ of 350 ft. fx^r min. At tlu^ point where* 

the conveyor (‘nt(u*s the mill the conveyor way is closenl with an iron 
door and a heavy iron wall is int(*rpos(Hl betwe(‘n it and tlu* mill build¬ 
ing, only a small opening being l(‘ft through which the* b(*lt pass(\s. This 
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arrangennvnt is for prot(H*tion against.finj, the crusher houses and the* 
conveyor way not l)(‘ing construed,ed in a way to re^sist fire* as th<^ r(*st of 
the mill is. 'The half-torn^ engraving shows the (!onv(^yor r(‘aching from 
the crusher house to the mill. 

The inclined conve^yor (hdivers the ore to a s(‘cond (tonveyor whi(di 
reaches across the l)ins. Tlu^ second conveyor is provid(*d with a tripp(‘r 
so that the on^ vnn l)e d(‘livered into any desired part of the* l)ins, '‘This 
belt is also 20 in. wide*. 

The mill !)in is of st(H*I construction and lias a flat bottom. It has a 
capacity of about 15()() tons of ore and is placed back of the* stamps. The 
ore going to tlu^ bins is not weighed, but carloads are weighed at intervals 
and an estimation of the quantity is made. A rough sample of tlie coarse 
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ore is taken, also one of the pulp issuing from the battery at the lip of 
the mortar, but no absolute system has been devised to record the 
content of the ore milled. According to the general results obtained it 
may be said that the ordinary milling ore averages about 2 oz. in gold. 

Crushing in Water— From the bins the ore is fed into 40 1250db. 
stamps by means of suspended Challenge feeders. The stamps drop 
through 6|- in. 100 times per minute and crush through a rolled slot wire 
screen equal to 10 mesh. On this ore and with the screen mentioned the 
stamps have a capacity of 10 tons per stamp per day, but owing to the 
limitations of the cyanide plant the actual crushing is a little under that 
figure, the 40 stamps crushing generally about 380 tons per day. Water 
is used in crushing at the rate of about 6J: 1 of ore. 

Just outside the batteries are the primary amalgamating plates, one 
for each ten stamps, 54X144 in., in two sections, the grade being 1| 
in. per ft. These plates are intended to recover coarse gold coming from 
the batteries, in which there is no provision for amalgamation, but due to 
the scouring effect of the heavy rush of coarse pulp they are of little use. 
One of these plates has already been experimentally discontinued and it 
is likely that the others will be put out of commission. 

From the primary plates the pulp is passed through four Dorr duplex 
classifiers where the sand is taken out and sent to four Allis-Chalmers 
tube mills, each 5X22 ft., having spiral scoop feeders and reverse-spiral 
discharge, which tends to prevent pebbles issuing from the mill and also is 
convenient for the introduction of the regular daily addition of pebbles 
which can thus be fed into the discharge end of the mill without trouble. 
From the tube mills the pulp is returned to the Dorr classifiers by means 
of five Frenier pumps, each 8X54 in., the tube mills and classifiers thus 
being in a closed circuit. The tube mills make 32 r.p.m. which is some¬ 
what excessive, the general speed of mills of this size being about 28 r.p.m. 
Due to the weight of the pulp it may be fed into the tube mills somewhat 
thicker than in usual practice. 

From the classifier the fine pulp, or slime, goes over a second series 
of plates, called the secondary plates, where amalgamation takes place. 
These plates are 108X144 in. with a slope of J in. per foot. On these 
plates under present conditions of operation about 60 to 65% of the gold 
content of the ore is recovered. 

The whole of this crushing and grinding operation is carried out in 
water, the reason being that a flow of cyanide solution is believed to be 
prejudicial to good work on the amalgamating plates. 

From the secondary plates the pulp is led to three Dorr thickeners, 
each 30X10 ft., where the pulp is thickened as much as possible, the 
usual effluent being about 1:1. Prom the thickeners it goes to -the 
boot of a duplex belt-and-bucket elevator, 70 ft. between centers and 
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ciirryin^ TXHLin. l)U(*k(4s. This (‘h^vator (l(4iv(a*s to tli(‘ itf‘'ita4ioo 
systeni. 

In th(‘ Loot of t-ho (‘l(‘va,t()r th(‘ (‘yaui(i(‘ n(‘(*(‘ssa,ry for in^ainuait is 
tuLhal, th(‘ iua4(a‘ial in hinip form Ixaug susjxnuhMl in th(‘ flow of pnip 
when^ it dissoUx's. Th(‘ solution is nuuh^ to a, stixnigth of oix' pound pta- 
ton of solution, t.h(‘ aA’(‘ra^(‘ consumption in total lx‘in^’ about d.S IL. 
per ton of on‘ treadl'd. Th(‘dilution ra,tio va.ri(‘s Ixd wcaai 1:1 and li: L 

Tlu' classifnadioti of tlu^ pulp ^oin^’ to a.][ 2 ;itation is a.Lou(. a,s follows: 
+ 1()() m(\sh, 200 nn^sh, 32^4',; —200 nussh, (iO^'X fin(ax\ss (jf 

<>;rinding is conlrolhMl (udiiady by th(‘ comparison of cost, ainl r(M*ov(‘ry, 
and tlu‘ most (‘flicicmt- (a)ndition for both consid(a*ations has Ixaui found 
to 1)0 th(' condition abo\x‘ staUxl. 

The Widxa- from th(‘ pulf) is ndunual to th(‘ ba-t-tury cinuiit for furtlna* 
use, the (‘iixaihdion bt‘ing maintaiiuxl s(‘parat(‘. It is of cours(‘ tuxa^ssary 
to tak(‘ out a.s nundi wat(‘r a,s possibh^ from tln^ pulp which is to |:;o to 
cyanidation tnadiuxait., in ordia* that tlu' consumption of cyanide* sha.ll 
1)0 as low as possible*. 

Pachuca-tank Agitation. Kex* agitation ed’ (he* pulp Paediuca tanks 
are* us(*el, but. the* ele*sign va,rie*s fre)m the* usual sta.nehirel. 4’he‘se‘ taides 
arc (S ft. in eliame‘t(‘r anel 40 ft. ele‘e‘i), re‘se*mbling a ediimne'y me)re* than a, 
tank. This form was a,ele)pt(*el in vi(‘W e)f the* e*spe‘e*ia,lly he*avy e'luiractor 
of the* slime* to be* tre‘at(*el, it. beang e‘e)nsiele*re‘el tliat in a. wiele*r tank the‘rt‘ 
would be* ehuige‘r eif se‘ttling eif the* seiliels. It is state‘d tha.t 35 te) 10 lb. 
of air pre'ssure* is sufiie*ie*nt te) se‘e*uri* satisfa.e*te)ry agitation in the‘se* tall 
tanks. The‘y s(*(‘m a p(*e*ediar re)rm e)f agita.te)r, but if ili(*y are*, as is 
clainu'el, the* me)st satisfa.e‘t.e)ry form fe>r agitating this he‘a,vy pulp, lU) 
critie‘ism e*an lx* made* e)f lhe‘m. 

Tlie* agitatie)n is (*e)ntinue>us through the* Paediuca. tanks, e>f whic‘h 
the‘rc are* lour, the* last tank be*ing arrange‘el .se) t.hat its e)ve‘rfle)W may take* 
e)ut aepuintity (‘epial te) tluit which (‘nte*rs the* tank, or may he* chang(*d 
so as te) take* e)ut mein* e)r le*ss, ac<‘ording lo the* ele*siral)ility e>r ine*re*using or 
reulucing the^ amount. e)f mate'rial in the* tank. The* elilut.ion e)r the* pulp 
during this tre‘atm(*nt is fre)m l:I to 11:1 n,nd varie*s se)m(‘what. in 
accorelance* with the* we»rk of tin* tliicke*n(‘rs. The* he*ight e>f the*He* iardes 
re^sults in an aelvantage* in that n (*e)nHiel(*rnhlc* fail is se*e*ure*d to the* filte*rs, 
allowing thc*m to be* fille*ei by gravity. 

The* ])ul|) from the* a.gitatie)n syst(*m gex‘S inte) twe) Dorr thick(‘ne*rs, 
each 25X 10 ft., wlx*r(^ the* {)ulp is thi(*k(*iu*d for filtratie)n anel the‘n inte) a 
mechanical agitator tarde vvh(*re‘ tin* slime* for tilt(*ring isst.ore/d, the* slejw 
agitation pre‘ve‘nting thc^ soliels freim H(‘ttling in the* tank. Tdie* e>ve*rfIow 
from th(‘S(* twe) thic*ke*ne*rs is passe*d through a Me*rrill e*larifying pre*ss and 
is |)r('ci|)italeel. 

Glass be)ttoms a,re^ use*d in many of the* hiunde*rs at t he* Donut mill in 
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order to facilitate the flow of pulp. It has been shown that with the same 
grade a launder having a glass bottom runs cleaner and easier and at the 
same time lasts longer than one without it. The glass seems to reduce 
friction, so that often a launder which gives trouble when made of wood or 
iron will flow easily and without trouble when glass bottoms are put in. 
A sudden drop or fall of the pulp on glass must be avoided, for in such 
cases the glass grinds out sooner than when iron is used. The cost is 
low, scrap plate glass being used, which may be bought for about seven 
cents per foot for pieces of various length 12 in. wdde. 

Pressure Filtration.—The pulp is led from the mechanical agitator 
to two Merrill slime presses, standard type, having 76 frames 4 inches 
thick. The press is filled by gravity and the slime being thick, there 
is no segregation and a homogeneous cake is made. Once made, the cake 
is washed with barren solution, an amount equal to the weight of the cake 
being used. During this wash there is an appreciable additional solution 
of gold. After the solution wash the cake is discharged, there being no 
actual water wash in the press, but as it requires four or five parts of 
water under 80 lb. pressure to discharge the slime, there results a form of 
washing, as most of the water is afterward recovered in the two Dorr 
thickeners, each 30X10 ft., through which the sluicing mixture is passed. 

Only an equal amount of water is discharged with the slime, the rest 
being recovered from the thickeners and used again to sluice out the 
presses. The amount of wash water discharged is about equal to the 
quantity of water taken into treatment from the crushing system. The 
slime is discharged from the thickeners by gravity. This system is well 
adapted to the character of the pulp, the heavy solids having no time to 
settle previous to filling the press, with the result that a cake which can 
be thoroughly washed with solution is formed. 

Zinc-dust Precipitation.—The Merrill system of zinc-dust precipita¬ 
tion is used, the zinc being added to the solution from the clarifying press 
which passes to the two pregnant-solution sumps, from where it is 
pumped into the precipitation press, which has ten 2-in. frames. The 
zinc is added by a spiral-screw conveyor which feeds the dust into a 
miniature tube mill were an emulsion of solution and zinc is formed, this 
emulsion going into the stream of solution entering the pump. 

The amount of zinc added is approximately | lb. for every ton of 
solution. As there are about two tons of solution precipitated for every 
ton of ore treated, the consumption of zinc is about ^ lb., or approxi¬ 
mately two cents per ton of ore mill ed. 

A small amount of lime is used in the treatment, the system being the 
formation of milk of lime by placing the dry pulverized lime in a barrel 
and adding a constant stream of solution, the outgoing solution, or milk 
of lime, entering the treatment at the desired points. About three- 
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fourths of the total liino consumption is added to the thicdceiua-s which 
prepare the pulp for the aj 2 ;itation treatment, this being to assist sc'ttle- 
ment and aid in the production of a thick pulp; the remaining oruvfourth 
is added to the thick pulp going to treatment. The total consum})ih)u of 
lime is a little under thr(‘e ixninds i)er ton of ore trcuitcul, as tlu' or(‘ is not 
extremely acid, and the lime is us(h 1 mor(^ to assist sc'tthancmt than for any 
other puri)ose. 
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A total of appr()ximat(dy 95% of tlui gold content of the orc^ is to.- 
covered, about 05% of wliicdi is recovc^red on the platcvs as has Ixmui mcm- 
tioned, and the laanaining (quantity in tiu^ cyaifuh^ tr(*atm(‘nt. The 
percentage recovery is govc'rmxl by the economic qu(‘stion, tlu^re lasing 
no difficulty in recovering 98 or 99% of the gold if it is d(‘sir(Kl to do so. 
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Experience has sliown that it is more advisable to stop at the point now 
established than to attempt to extract more of it. The costs established 
are proportionately less than if the higher extractions were obtained. 

The power used by the company is generated in its own power 
house by steam, using coal as fuel, and is higher than would be the case 
were hydro-electric power available. It is expected that such power will 
be delivered at the plant within the next few months, when a corre¬ 
sponding reduction of cost is expected. Detailed treatment costs are not 
given at this time as such figures to be of any service should be repre¬ 
sentative of permanent conditions. 

Smelting the Precipitate.—The precipitate is melted in a small blast 
furnace with litharge, the resulting lead bullion being afterward cupelled 
in an appropriate test. The cost .of this system of refining seems to be 
less than the older method of direct melting and a practically fine 
bullion is obtained, with the advantages which come with a product of 
that kind. The lead stack is easy to operate and does not entail the 
severe labor attendant upon pot melting, and the cupelling operation is 
also comparatively clean and convenient. A comparison of the cost will 
add the deciding factor, and I expect to give especial attention to this 
matter in future papers oh the subject. 

At the Dome mill the cupelled bullion is melted and made into bars in 
a small oil-fired tilting furnace. For this purpose the tilting furnace is 
satisfactory. 

The cupel furnace is heated by means of an oil burner, but the operators 
consider that it is not as satisfactory as when wood fuel is used. The 
cupel itself is made of a mixture of ground limestone and Portland cement 
in the porportions of about 1 : 3, which makes a properly absorbent 
test. The saturated protions are melted down in the blast furnace to¬ 
gether with scraps, sweepings, etc., in a scavenger run which is made at 
intervals. 

Points for Discussion.—The first point in the Dome mill which is 
open to criticism of any kind is the fact that no accurate weighing or 
sampling is done on the ore which enters the mill. Estimations are 
made, but these can hardly be considered an effective substitute for 
absolute methods and probably much more satisfaction would be ob¬ 
tained with accurate weighing and sampling systems such as are being 
installed in the newer mills. The pulp from the Dorr thickeners going 
to the agitation treatment is estimated by measurement and specific 
gravity determinations which are taken at regular intervals and the 
operators believe that in this way a good estimate of the tonnage is 
obtained. 

Pachuca tanks as here used seem to be a subject for some discussion, 
but personally I think there might be some more satisfactory and 
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(‘conomiciil nuThod (4 obtaining Mio same rosuli. 1 ain aot (‘orivinced 
that Pacdiuca ta,nks a,re most (4n(*i<ud, a^i:ita4()rs, |)arti(‘.iilarly wlu'ro tlu^ 
time of (‘ontaet is sliort and wluaa^ ^'la^at a,citation is not luuH^ssaiy. 
The fall for the filt(a*s eould as W(‘ll be s(‘(*ur(Ml by iisin^- tanks of dilTcaa^nt 
form, even if the ('h'vation w(a‘(i mad(^ (‘qual to that now obtaiiUHl. 

A comparison of the d<\si^n of tlu^ HoHin«*(‘r and Dona^ Tnills ])r(\s(mts 
a good illustration of two ways of doing tlu'. sanu' thing. In both mills 
the original design eonbnnplabal the nanoval of coarse gold wliieh 
might not be dissolvaal in th(‘ eyanid(‘ solutions a,nd whi(‘h, it was h'anal, 
might b(' dis(*harg(Hl undissolvnal with tlu^ r(\sidu(‘s. Ai. thc^ Ilollinger 
the attempt was mad(^ to (^xtra(*t this coars(‘ gold on (‘.oiuamtra/tors, whih' 
at the Dome mill th<^ sanu' n^sult is sought through tlu^ nuMlium of 
amalgamating plat(‘s. It is probabh^ (hai, m^ithta* sysican is lUHa'ssary. 

At the Hollingca- mill it has Ixaai dcanonstrai.(Ml that this coars(^ gold 
is mor(‘ than likc^ly to Ix^ nd.aiued in the tub(‘ mill as long as it is (*oaTS(‘, 
and Ixang tluax' seourcxl and subj(‘et(xl to attrition it is g(aua*ally nxhuxal 
and dissolv(‘d. Th(‘ eoiuxaitration systetti is alr(‘ady luuha* suspicion of 
Ixang usel(‘ss and may Ix^ disp(ais(‘d with. At th(‘ Dome* the system of 
amalgamation on plates is do!U‘ in wat<a* whi<*li has to Ix‘ carri(‘d (Jirough 
the whole grinding sysban atul this pr(‘S(aits tli(‘ scaaous (hhect of losing 
the di^ssolving (hTect of th(‘ solution during crushing a,nd grimling, and 
particularly th(‘ highly (41i(‘i(ad. dissolviiig a(‘i.ion of th(' tidx‘-milling 
ojxa'ation. 

I am of th(' opinion that tiie simplification of tln^ mill through th(‘ 
discarding of the* plab's and grinding dirtxdly in cyanide' solutions would 
obtain a result as goexl or Ix'tUa* than ttu^ one' now in us(‘ a,nd peahaps at- 
less cost. A grc'at advantages about the lattca* syst-t'in is Unit not so miudi 
watca- would be mxx'ssarily takc'ii into tlu' circulation. Nones we)ulel lx* 
taken in thre)ugh milling anel what wnte‘r is re'epurexl e*e)uld bes take*n inte) 
cire*ulatie)n thre)ugh giving the* filt(*r cakes a wate'r wash. This wendel 
rexiuce the le)ss in elisse)lve‘el ge)lel and also thes rnex'hanieail le)ss e)f e*ya,niele*, 
which constitut(‘s at presse'ut about twenthirels e)f tin* te)t.al le)ss. 

The logiesal aelelit-ion of wat(*r to milling syst,e*ms is tliremgh the* (ilte*r 
cake where* it will elo thes me)Ht gex)el, anel ne)t inte) the* agitation e'iremit 
where it ,me*r(‘ly dilute's solutie)ns anel nesese'ssitate's tlie* aelelitie)!! e)! e*yaniel(s 
to keep stre*ngths.up te) normal. 

It is still an e)pe*n epu*stie)n whether or ne)t e‘e'e)nomie*s e‘e)uld l)e* in- 
troeluee'el by using a syste'in e)f partial le*aching, agitating e)niy the* natural 
slime* forme*el during grineling aeid passing the* fine*, granular soliels te) a, 
lesaching syste'm. This ejue*stion can only lx* solve'el by a S(*rie‘S of e*X“ 
pesrimemts esstablisiiing the* pe)int te) whie‘h grineling must be esarrie*d te) 
liberate the* maximum epiantity e>f ge)lel anel the* elessirability e)f e*ithe*r 
leaching or agitating tins, fine* sauel, acrcoreling to esost. 
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The filtration system at the Dome mill, usin|>; tlu‘ Mc^rrill prcvssure 
filter, is the best I have seen in Canada. Tht^ (*ha,ra(*i(‘r of the pulp 
makes the machine especially ap])lic.al)le to handling it, and filtration is 
performed at a minimum expense and with Ix^autiful simplicity. The 
pressure system ought to Ix^ instalhxl in all mills to lx‘ built (uam if it 
does not displace vacuum plants alnxidy installed. With the clumge 
from the Dome practice of adding a watcx* wash to t.h(‘ (‘akt\, it scnans to 
me that most admirable results might Ix^ ohtaiiu^d. 

At the Dome mill the metallurgicail dilliculties arc' lu^gligibh^. The 
problems are all mechanical, du(^ to th(‘ luindling of thc^ luaivy pulp and 
the devising of a system of maniinilation whi(‘h will giv(‘ th(‘ higlu'st 
economy. 


DISCUSSION 

Cyaniding at the Dome Mill 

I read with intercsst the article by Mr. M(‘graw in tlu‘ Jocunau of 
Nov. 23, 1912, describing the milling practic(‘ of the Dom(‘ Minces Co., 
at Porcupine, Out. I noti(*e that tlx'.wriba* s(Mans to (‘onsidta* lh(‘ ratio 
between the width and luaght (S :4l)) of tlu^ Ihudmca. agitat<x's unusual, 
but in an all-sliming i)roc(‘ss such as followtal at th(‘ above' numtioned 
property it is doubtful if efficiemt agitation could Ix‘ obtaiiu'd with a 
more shallow, wider tank. F. C. Brown, in giving s|x‘ci(icat ions for 
Pachuca tanks {Min, and l^ci. Prvss^ B(‘pt., 2(1, I DOS), phnaal th(' ratio 
between the width and height of standard tanks at- I :•!! or 5, ht'in'cthat 
observed at the Dome plant does not appcair to )x' (‘xec'ssivt'. 

In Pachuca construction tluTc sexuhs to lx* a gen(‘ral t(*n(U*ncy to 
build a lower, wider tank, (*ith(ir from mot iv(*s of (‘conomy in const ruction, 
or from the fact that in many cases tin* tanks arc* simply rc*m(xl<*l(*d agita¬ 
tors of some othcT type. While a tank of this kind will give* fair rc'sults 
when working on a pure slime, in all-sliming pnu'iict* where* a largcvpcr- 
centage of material consists of fine angular grains of sand, troiiI)le is 
bound to be experienced in the closer packing of thc*s(* partich'S. In fact, 
I believe that the greater part of thc^ ditfic'nlty c*n(*ount(*rc*d in this 
system of agitation is duc^ to tho rc'ason that the* prop(*r ratio of width to 
height has been neglected in tlu^ construction of tin* taciks. 

With respect to the Dome plant, and taking into considc*rati()n the 
all-sliming method in usc^ there, I do not sc'c* how any otln*r system would 
handle successfully such a heavy pulp, containing, as it, (*(*rtainly must, a 
large percentage of angular, fast-settling partic.h*s. Mc*c*liaiu(*al agitation 
under the above conditions would entail an extr(*m<*ly high rc‘pair cost, 
resulting from the strain on the machinery. The only alternatives to the 
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present treatment, it seems to me, would be to divide the mill product 
into sand and slime, and treat ea(‘.li separately. ('Onsidering the mattcu* 
from this viewpoint, and from the fact that the time spent in leaching 
would be offset by a lowe.r powc'r c.ost, I do not see why the old(T mx'thod 
would not be su(*.cessful. 

As regards amalgamation, T am (piite in a(;cord with Mr. Megraw; it 
appears to me unnecessary. 

J. A. lilOID. 

Kingston, Out., n(H*. 1, 1912. 



CHAPTER VI 


PRACTICE IN THE BLACK HILLS, SOUTH DAKOTA 

The mineral district of the Black Hills, in South Dakota, has long 
occupied a prominent position in the mining world, due to the extent of 
its deposits and their original richness. In the early days ores of high 
grade were obtained and as these gradually disappeared, ores of lower 
grade had to be depended upon to keep up production. The ingenuity 
of the metallurgical world was taxed to the utmost in devising methods 
by means of which profits might be obtained from rebellious ores contain¬ 
ing only small quantities of gold and silver. The whole gamut of 
metallurgical methods has been played upon in the effort to treat the ores 
economically. 

Victory of Cyanidation, —Such processes as smelting, pan amalga¬ 
mation, bromination, chlorination, plate amalgamation, all had their day 
and were thoroughly tried, but nothing made any noteworthy success 
until cyanidation was tried, proved available, and applied on a large 
scale to the treatment of the ores. Cyanidation has been the means by 
which enormous quantities of low-grade ores have been made economic¬ 
ally available and millions of dollars have been taken from ores which 
by no other means could be beneficiated at a profit. It is probable that 
in no other mining district has cyanidation had a greater beneficial 
effect. 

The first application of cyanide in the Black Hills was at theRossiter 
plant in 1892, but great and decided success was not demonstrated until 
1900, since which time the applications of the process have increased, 
until at present there is no successful installation which does not make 
use of the process in some form. 

The ores are in the main siliceous, containing silica in the form of 
quartz and in proportions varying between 75 and 90 %. The unaltered 
blue ores contain less than the red oxidized mineral. The blue ores 
contain also an average of from 6 to 8% of pyrites, fine and evenly 
distributed, though some of them contain as high as 20%. In the red 
ores the pyrite has been oxidized to form the iron oxides which give the 
ore its color. Tellurium has been found in some minerals and the exist¬ 
ence of tellurides of gold and silver is maintained by some authorities 
Copper occurs in minute proportions in many of the minerals. At 
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ill the pro(vi])itat(', but this is bolii^vc^d to ho. duo principally to tln^ (\n,])S 
used in dotonatiii^i: tlio (^ha,r^(ss of (^xplosivass and from oth(‘r siiuila,r 
sources, although eopixa* docss c^xist in the oia^ I'he gold is in" an ex¬ 
tremely fine state and is rarc'ly found frc'o. Tlie orc^s are fairly hard, in 
some instances extremely so, hut th(T(^ is also much clayc^y material wliicli 
produces a largo amount of colloid slime. All grade's of hardiu'ss arc^ 
found between the extremes of clay and (extremely hard and close- 
grained rock. In most easels th(^ mineral is heavy, the specific gravity 
of the solids in mill puli) oftcai running as high as 5, while there are^ many 
graduations uruka* that figure, all, howewer, being (comparatively luaivy. 

Dry Crushing at Wasp No. 2. .One of tlu^ most irikcnasting installa¬ 

tions in the Black Hills is that of the Wasp No. 2 Mining Co,, wlu'n^ a 
flat quartzite ckvposit (carrying ('xtremely small quantitic's of gold is Ix'ing 
milled at a substantial profit. The ore, aft(‘r passing tlu' usual cruslxT 
systenn, is brok(m through four s(cts of rolls, two of which anc us(‘d for 
roughing and two for finisliing. This crushing is all pc'rfornuxl on tlu^ 
dry ore. Aft(T passing th(c finishing roll tluc mab'rial will ail pass a 
screxm having J.in. openings. A large })roporti()n of th(‘ mat(a*ial is, of 
course'-, much fitucr, varying IxdwcHui fine sand, thenc bc'iiig litth^ slinuN 
and the maximum siz(* of J-in. Th(‘ crushing is carri(‘d no fartluvr, th(‘ 
ore Ixnng tncabxl in this (‘ondition. Tins finished product is stor(‘d in 
bins and is drawn out as racquinxl to (charge^ fixe tncatmcmt tanks. Tlx' 
tanks are (chargixl from tlu'se bins by m('ans of a sysbuu of Ix'lt (con¬ 
veyors which n'(‘(nv(c tlxc matcu'ial at tlx' bins and (k'livccr it at about tlx' 
center of tlx) treatnumt tanks, whenc it is distribuHxl by luind. Tlx' 
kmching tanks are six in number, (‘ach 32X12 ft., and hold a litth' oven- 
400 tons of ore. 

Treatment by Leaching. Tlxc (*yanid(^ tn^atirumt of this orc^ is 
entirely by k‘aching. ddx^ praedhte is to add first a bath of solution carry¬ 
ing five pounds K(tN por ton in sufficiemt (piantity to im[)r(‘gnat(^ tlx* 
charge thoroughly and l(*av(* a solution covering of al)out an inch ov(‘r it. 
This bath nanains in contacd/ with tlx^ charge* for 12 hours, wlx*n it is 
drained off. Tlx* mixtures of firx> and (;oars(* matc*rial offe'rs litth* rc*- 
sistanec^ to the* passage of solutions and the^ h'aehing rate* is c*xc(*ptionally 
high, which facilitate^s the^ tre^atmemt to no small dc‘gre*(‘. It will be* He*(*n 
that this condition of porosity of the ediarge*. also fa(‘ilitate‘s t.re*a<.!ne*nt, 
for the rexiHon that air for aeration of the ediarge^ re*adily pe*n(*trn.t-(‘s f ix* 
entire charge, following the* solution througfi the^ mass. 

After the^ strong solution has be*en drain(*d off, a we‘ak(*r solution is 
added, the^ strength b(*ing 21 lb. KC-N per ton, and this tr(*atm(‘nt is 
contimuxl for 48 hours, the^e beung s(w<*n Heq)arate* additions of the* 
solution during this time*. A sul)s(*(iu(*nt wat(*r wash is giveue in epianiity 
only sufficient to displace* the solution held by th(* ore*. The* gold-lx'aring 
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solutions from this treatment ar(' l>ass(>(l over zine si.avinKS, ( ho rosuHing 
precipitate being dried and mcdtcal in a crucihh^ lur.nuv using ml fuel in 


the usual way. . , r , 

Tonnage Estimations.— No attempt is mn(I(‘ to sample^ or c^st imato the 

quantity of ore handled before it (mtca-s tiTatnuait. all ealruhitions Ixnng 
made on the filled tanks before the (‘yamd(‘ solutions aiv addcHl In the 
general run of mills this would b(^ eonsuh^nd iaulty praetua% hut in tins 
case where the ore is crushed dry and loachnl int-o tM‘a( nu‘ut tanks without 


any preliminary treatment or separation ol an\ kind, it is probably as 
accurate as any way could be ami is extHuiu*!} simpl(^ 1 la*, tanks can 
be sampled satisfactorily by iiuauis of tlu* pipi* sumpl(*rj taking a large 
number of tests in different portions of tla* tank, and a good isstiinate 


of the weight can be made from it as W(‘ll as a satisiac’tory sainph* lor 
determining the content of the (diargi* in gold and silviT, 

The cost of discharging the tanks is low, approximating only al)oiit 
five cents per ton. The work is a(‘(‘omplisla‘d by S(‘V(m nam, four of 
whom are employed inside the tank shov<‘ling out ttui (‘hnrge through 
bottom doors, and three empIoy(‘<l in trammiug out. t la* ears, whii’h are 
loaded directly under the discliargc* gab*s, 'Fla* nam insiilt* tla* tank do 
not have to lift the charge at all, tla* procc*ss being simply to serapi* the 
material to the discharge gates. '’Fla* i>roportion of moisture is small and 
the material runs readily enough and giv(‘S no trouhh*. Dia* to this 
facility the tanks may be empti(‘(l in about s(‘vt‘n liours. 'Fla* tanks 
are charged at a rate which giv(‘S tla* mill a daily eapaeity of 500 tons. 

Addition of Lime. —Lime at the raU* of six pounds p(*r of dry ore 
is added at the crushers, and is (‘arri<‘d thriuigh tla* crushing system 
with the ore, being thus thoroughly mix(*d with it. 'I'hi* tnxitiramt 
solutions carry about one pound <lissolvc‘(l (hdl, wliieh is suf!ieit*nt to 
protect them against any small amount of aeid whieli tla* ore* might 
develop. 

The method of adding lime H<H‘mH to na* to la* somc^what wnsb‘ful in 
this instance, as the ore is not entirely r(‘duet‘d to a fiia^ state and it is 
reasonable to suppose that tlie Una*, at least in part, will be in coarse 
particles. The time of treatnamt is rmt suffiei<*nt t(» dissolve* the* coarser 
pieces of lime entirely and it is lik<*ly that, an appre*c‘ialde^ p«*re<*ntage of it 
is discharged undissolved, oecasioning a slight loss. I am ejf the* opinion 
that some method of adding the linu^ in (*mulHion in tla* (|uaiitity actually 
required for protection might result in a slight n*ducti<m of the* (*oHt of 
lime used. A hint would be to consider tla^ m(*thod use*d at tla* Ilona*- 
stake mills for adding lime to tla* I(*aching tanks. While* tins m(*thod 
might not be applicable in exactly tla* same* form, sona* simple variation 
of it might be productive of good results. 

The extraction averao-es fthAuf vne/ ..r in., .a., 
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sometimes a little more and occasionally a little less, depending on the 
grade of the ore handled. Th(^ cost of the treatment is exceptionally 
low. The entir(‘ costs of tiu‘ operations are: Mining, 53.480. per ton; 
milling, 66.82c. ; g(m(u*al (expense, 4.35c. The principal itcnns in the mill¬ 
ing cost are: Lal)or, 21.3(^ ])er ton; cyanid(‘, ().3c.; zin(‘, 3,3<*.; linu^, 
I.2c.; power, 8.4(‘.., and siii)pli(^s and n^pairs, 12.()(^. per ton millcMl 

Simple Treatment at Wasp Mill.- It will seem that the metalhirgy 
of the Wasp ore is extrenuvly sim])l(x TIk^ simpli(vity is probably due, in 
a great iiK^asure, to the faet that the gold is (‘ontairuHl in (4('avag(^ plaiuss 
which are fracdiiired and opimcHl by the (‘oarse crushing, tlius exposing a 
maximum quantity to tlu^ action of (*.yanide solutions. Besid(\s, the rock 
itself is porous and the solutions can nuidily (mt(T and acd U|)on a. 
large portion of tlu^ gold, bringing it out without entailing the (^xpemse of 
fine crushing. 

A large numlx'r of (^xperinumts have benm made on this on^ by com- 
pet(mt metallurgists in ordesr to d(4.(u*min(‘ wh(4»h(a* an (^‘onomical higher 
extraction could be obtaimal by grinding fiiua*, b\it th(‘ cou(*lusion has beam 
that th(^ maximum profit is f)eing obtaimal by tlu^ sysUuii now followcal. 
The or(‘ carri(‘S only id)out $2 p<u- ton and will not stand a. high(‘r op(‘ration 
oxp(ms(^. It is lik('ly that there aro hnv (^xamphss of a similar nature in 
cxistencH^ wlua’e a f)rofit ranging from 50 to 75(a pea- ton (‘-an b(M)btain(‘d 
on ore of this low gold content. I have s(*(m otu^ otlna* (^xamphs a 
Mexican mine whic.h (a)ntain(ul an on^ liaving a good gold contemt. 
The ore was so porous that picua^s J in. in nho would naulily surnmdta* 
their content to W(aik (^yanidci solutions, but this orc^ was in tlu^ surfaces 
zone of a vein and was soon (^xhausUal. 

Wet Crushing in Chilean Mills.- -An (axamph^ of (H)uditiorjB dilTca'ing 
from those obtaining at tlu^ Wasp is found at th(‘ mill of tlu^ (iohhm 
Reward Mining (-o. at Dcaidwood. This company owns minces In 
diff(T(mt districts and tlu^ or(‘s <leliv(‘red at tlu^ mill for trcaitmcmt differ 
widely in charaetter. Sonu^ of thcmi an^ hard, wtuU^ otlnu’s ar(^ at tlu^ 
other extremum of the scalt% b(>ing soft and clay(\y, many variations Ixs 
tween the two Ixung submitUnl for tnaitnumt. orc^ is d(4iv(Ted to 

the mill in railway or(» (tars and is always carefully wc^iglnul IxTon^ b(4ng 
put into the mill bins. Tlui ore is (•rushed dry through a B(U‘i(‘S of cruslux's 
and rolls, an automatic sam|)I(‘ Ixnng taktm during the prota^ss wiiicli is 
reduccxl in a small crushing roll, put through sevcTal (|uart(‘ring samphu-H, 
and finally divided in a small hand sampling nuudiine, which delivc^rs a 
sample appropriates for assaying purposes. 44ie resject from tins sampling 
all goes into tlie mill bins with the milling ore. 

From the mill bins tlic^ or(^ is takem to chih^an mills of tlu^ modern, 
high-sp(^ed ty|)e, making 30 r.p.in., and is milled in cyanidcj solution. 
The feeders for tlieso mills arc^ similar to the (dialhmge fcaxlers uH(‘d for 
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feeding stamps, but are continuously moved by power, belt and pulley, 
and the feed is arranged so that a practically continuous stream of ore is 
fed into the mills. The ore is milled to pass a 16-mesh screen. 

Pulp Classification.—From the Chilean mills the pulp goes to drag 
classifiers of the so-called Esperanza type, which differ from the Dorr 
machines in that the series of scrapers is connected to a link belt, which 
moves continuously over sprockets, large at the slime-discharge end of 
the machine and smaller at the sand end. These machines*are more or 
less efficient, but the general consensus of opinion among those who\se 
them is that the absence of the reciprocal motion, which'is obtained in the 
Dorr machine, allows more slime to be carried over with sand product. 
The reciprocal motion of the latter seems to turn over the sand, loosen it 
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and offer facilities for washing out the greater portion of the slime mixed 
with it. 

The separation of slime and sand is about half and half, the sand being 
delivered into leaching tanks, each 20X10 ft., where it is treated in the 
usual way by successive solution washes, followed by a final water wash. 
The slime is passed through Dorr thickeners and pumped into slime- 
storage tanks, the simple passage through the thickeners being sufficient 
to dissolve the economical maximum of the contained gold. 

Vacuum Filtration.—From the slime-storage tanks the pulp is drawn 
by gravity into the Moore filter at an average dilution of about one of 
solid to IJ of solution, this rate varying with the exigencies of the oc¬ 
casion. The Moore plant contains two 40-leaf baskets, each leaf measur- 
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ing 0X8 ft. A l-iii. (^aJco is fonuad on the leaf in from 40 to 60 minutes, 
depending on tlu^ (‘onditiou of th(^ Icuwes. Tlio cake is washed with 
solution and wa-tca- and dis<^harged following the usual practice, the 
application prc^stmting no nov(^lti(\s. 

TIu^ proportion ol colloid slinn^ existing in the pulp makes it par¬ 
ticularly a})pli(‘abl(i to filtration by this system and efficient results are 
procured with (U)mparat.ive (^ase. TIu^ prol)lem of filtration is not a simple 
one in any cas(^ and it (auinot said that any of tho processes in use at 
tlu^ pr('S('nt iinu^ approximat.c^ ])(‘rf(xd.ion to any grxuit extent, but by apply¬ 
ing the machines a,ud nud,hod IxNst adapUxl to any particular ore fairly 
satisfactory nnsults may Ix^ obtaimxl. 

The ores trt^atcMl at this mill vary widely in grade, running from a 
minimum of about $5 ^xu' ton to a maximum of about $12. An av(>rag(^ 
extra(‘.tion of slightly imdcx' 80% is ()I)tain(Hl at a cost of less than $1.50 
per ton mill(Ml. Tlx^ linu^ us(hI in tiaaitnumt, tlxi quantity varying with 
the ore at hand, is addcnl at tlx^ crustxx's and amounts usually to four to 
six pounds p(‘r ion milhxl. The,milling capacity is about 275 tons per 
day. 

Th(‘ i)ra(di(*e of th(‘ Oohhm Ilcnvard mill is typical of ,the modern 
tenden(‘y to mill in c,yanid(‘ solutions, in this emse the strength being about 
1| lb. K('N ]X‘r ton, and although tlx^ mill is old and not particularly w(‘ll 
adaphul fdr stnuiring low o[)(»ration costs, the work is nevertlxdc^ss 
effi(!i(mtly doiu‘ and t-h<‘ costs, urnh'r t,h(i (urcumstanc^es, do not s(xun to Ix^ 
exorbitant. 

Experimenting with Roasting Process. ■ '‘I'hc'. (tolden Reward company 
poss(^SH(^s a larger (puint,ity of or(‘ whi(*h has r(^sistod th(i efforts of met¬ 
allurgists to irmi it hy any of tlx^ straight milling proctesses and an (Tfort 
is now Ixnng mad(' to rcunhu' it am(mal)l(^ to cyanidation by giving it a 
preliminary roast. Kxperimemts hav(i sliown that aften* being roasted 
the ore is amenal)l(^ to (cyanidation and high extraections can be obtained 
without excesHiv(c consumption of cyanid(c or other chemicals. The 
cost of roasting will not Ixc (‘xca^ssivc*. as it is proposed to utilize the sulphur 
content as find as far as possible, thus r(xluc,ing the consumption of 
extramxnis find. 

A roasting furnace* is now in courses of (erection and will bo in operation 
in the inuir futures Tlie r(5sult.s ol)taiued by tins d(q)arture in metallur¬ 
gical pra(;tico will Ix^ awaitixl with interest. 

Wet Crushing through Rolls. -AnotlxT mill employing a W(d. (irusliing 
proex^ss and using (‘yanide solutions throughout is tlxat of the Trojan 
Mining (k). at Ikirtland, prolxably one of the most modern installa¬ 
tions in thti RIack Hills. Tliis mill formerly was the property of the 
American Eagle company, but wasa(*quired liy the Trojan company and 
remodeled to suit modern |)ractice. The ore from the mines is dumped 
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into bins at the crusher house and from these bins is drawn over 
grizzlies, the undersize going to a belt conveyor, the oversize passing 
through gyratory crushers and tlnm joining the und(>rsizc on the belt 
conveyor. This conveyor has a slope of about 16° and delivers ore into 
mill bins having a capacity of about 450 tons. An automatic sampling 
arrangement was at first installed to cut a sample from the ore stream 
falling into the bins, but the arrangcmnmt did not give a r('i)re,s(Mitative 
sample and was dismantled. 

The ore is drawn frotn the mill bins and hnl by disk fcaalers into two 
sets of crushing rolls, strong cyanid(5 solution being achhal at this point. 
These rolls were probably not intemhal for wet (^rushing, for the housing 
leaks a good deal and the almost constant attention of an attendant is 
necessary to keep the leaks stoppcal up. 

The product of the rolls flows through a laundc'r to two Monadnock 
Chilean mills, each sev(m feet in dianx'b'r. 'I'hesfs mills gave soim^ trouble 
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due to slight mechanical imperhmtions, hut tlu'Sf! hav(f laum remedied 
so that the mills now give good r(^sults. The i)rodu(!t of the mills is 
elevated to Dorr classifiers wh<w(i t.h(i sand and slim(> ar(i st'paratc'd. The 
sand is delivered to 200-ton kjachiug tanks, 2HX8 ft., through automatic 
revolving arm distributors. Tin; sand treatment presents no novelties, 
being the same as that usually followed in tint district. 

Air Agitation of Slime. —TIu^ slinui from thci classifiers is taken to 
three tanks for air agitation, tlnisc; tanks being said to he of the Pachuca 
type. They measure 17 ft. 6 in. in dianufinr and 10 ft. in height, and it 
will be readily seen that they diff(>r a great (hull from tin; Ihudmca idea in 
their proportions. A true Pachuca tank should havc^ about 40 ft. of 
height for a diameter of 15 ft. and the flVojan tanka have* a greater 
diameter with much less lieight. They ar(‘, howcwtsr, doing (>xccllent 
work. The dilution of the slime under treatment is al)out 1 or 11:1, the 
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object b(ung to niaiiitiiin a fairly thick pulp suitable for subsequent 
filtering. 

A detail ot th(‘.s(^ ta,uks which is of interest is the central air-agitation 
tube, whi(‘.h is not a. tul)e at all, but a succession of cone sections sot one 
abov(^ another through tlu^ entire l)eight of the tank. The idea is that, 
whatev(U’ the Inught of i/ho pulp in the tank, it can be successfully agitated 
because the c.entral i/ub(^ will discharge itself at almost any point. 

The slinu^ trc'atnuuit is continuous through two of the agitation tanks, 
the slimes from th(‘ first oiu^. Ixang transferred either to the second or third 
tank, as desired, by air lifts, and from these secondary tanks it is drawn 
off into the filba* ])lant. 'The average agitation time of the slime is five 
to six hours, no solution Ixung decanted but the entire pulp going to the 
filter. 

The solution hnl into th(‘ primary crushing rolls with the ore averages 
three pounds of K( -N p(T ton and is added in the inoportion of four to six 
tons of solution to on<‘ of or<‘. ''Idle sand in the leaching tanks is treated 
with this same solution for about thnu^ days, and this treatment is 
followed by tri^nting two days with w(^ak solution, which lias been 
precipitabul, containing about om^ pound of KC'N per ton. A light 
water wash is givim IxhVin^ dis(*harging the sand, the treatment usually 
extending over about fiv(^ days. 

The filt(‘r is t Ix^ ordinary Huttcu's stationary, scuni-gravity type which, 
while mor(‘ or hsss sat isfa(d,ory, entails a high cost for pumping pulp and 
solutions, t’rom t h(‘ filtiu* t he solution effluent from making cake is sent 
to the pnu’ipit at ion d(‘partni(mt, the weak barren-solution wash and the 
water wash not, Ixnng {ircuripitated. 

Prec.ipitation is accomplislual in th(‘ usual way, using zinc shavings 
and tli(^ ordinary form of steid box. The boxes have a total capacity of 
384 eu. ft. of zinc. At tlu^ (*l<‘ami]) tlx^ precipitate is run into an acid- 
treatmmit tank wIktc^ t}x‘ sulphuric,-acid ])ro(^ess, customary in tlx^ Black 
Hills plants, is (‘arritxi out;. Th(‘ iirecipitati^ is collected, dried, partly 
roasted, fluxial and mtdtcHl in cru<‘ibles in a coke furnace. 

The (capacity of the Trojan mill is about 175 to 180 tons p(‘r day, but 
steps arc‘ Ixung t.ak(ui to in(M'(‘as(‘ tins tonnage materially. The extraction 
secured l)y thc^ (‘.ombimul slinu^ and sand treatmemt is in the neighborhood 
of 75%, somciwliat mon^ on tli(‘ slimes than on the sand product. 

Unusual Crushing Practice..Thc^ practice of (‘.rushing with (;yanide 

solution througli rolls is not usual, although it is practised in a few cases 
and in oru^ otluu’ instniux^ in this district, as will be noted. It has been 
productive^ of good r(\suliH, probably due to the increas(xl time of contact 
between thc^ otx^ and cyanides solutions, and the agitation secured in the 
rolls and Chilean mills. 

The? chil(‘an mills are cdlicimit crushing machines and are capable of 
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handling large quantities of ore, but being high-speed machines they 
naturally incur a maintenance cost which is high compared to the results 
obtained with slow-speed mills. In this connection it might be men¬ 
tioned that the Minnesota mill, at Maitland, is equipped wdth slow-speed 
mills of the Lane type, and it is claimed that these mills have demon¬ 
strated their ability to crush an equal or greater quantity of ore with less 
expense both for operation and maintenance. 

The Chilean mill is said to have been introduced into Black Hills 
practice by J. V. N. Dorr, who first installed them at the Lundberg, Dorr 
& Wilson mill and afterward included them in the design of the Mogul 
mill, where they gave good results. The Mogul mill was recently 
destroyed by fire and rebuilding is now under consideration, but the new 
plant will probably be built on a site more convenient to the mining 
properties owned by the company. 

Dry Crushing of Hard Ores.—As an example of extremely hard ores 
found in the Black Hills district, the material handled by the Victoria 
mill in the Spearfish Canon region may be mentioned. The ore here is 
extremely hard and the mill equipment has been designed with this 
characteristic in view. The ore is delivered into the mill bins by a tram¬ 
way and from these bins is passed through a gyratory crusher which 
delivers a product that will pass a IJ-in. ring. This crusher product is 
passed through a set of rolls which delivers a product having a maximum 
size of I in.; the crushed ore drops into a 100-ton bin. 

From this bin the ore passes a set of fine-crushing rolls and through a 
trommel, carrying 6-mesh, No. 14-wire screen. The oversize from the 
trommel passes to a second set of fine-crushing rolls, and through another 
trommel like that already mentioned. The oversize from this trommel 
goes back to the same rolls and the screened product from both trommels 
drops into a finished-product bin having a capacity of 200 tons. 

The ore is so hard that its passage through the rolls is accompanied 
by a great deal of noise which sounds much like cannon shots, but the 
rolls handle the material in a satisfactory manner without undue wear. 

The finished product is drawn from the bin and taken to leaching 
tanks by means of a belt-conveyor system. The conveyor deposits the 
ore into the center of the leaching tanks, each 27| ft. in diameter by eight 
feet deep, wdth a capacity of about 200 tons, and the distribution is by 
hand. 

Leaching is practised in the ordinary way by first treating with a 3-lb. 
cyanide solution, for 72 hr. During this treatment about 70% of the 
gold content is dissolved. An additional 10 or 12% is obtained by 
leaching for a further period of 48 hr. wdth cyanide solution containing 
1| lb. KCN per ton, the latter being finally displaced with a minimum 
water wash. 
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Precipitation on Zinc Shavings.—Precipitation is accomplished in the 
usual way, using zinc box('s of the ordinary typo made of sheet stead. 
There are two six-cora])artment boxes, each compartment measuring two 
by three feed., hlaeh compartment is coniuaittHl by a pipe to a main which 
leads into tlie acid-treaitment tank. At the cleanup tlui zinc is thoroughly 
washed and the; preenpitatci, aft(;r scstthunent, is drawn through the; pifa's 
directly to tlu^ aeud tank witliout further handling. d’h(i aeud tank is 
lead lined and furnislual with a hood by nuuuis of wliiedi the* gases gem- 
erated are carried off. Th(^ aeid-treateal product is pumped througli a filtcu- 
press and washed. This ])re(upitate, aftea- being partially driful and mix('d 
with the usual borax-soda flu.x, is nudbal in graphite; crueibh's. 'rin; 
resulting bullion is a little; mem; than 900 fine;, e)f whie;h 50 is silve;r. 



MiNDiisud, aoiiK A.Ni> weasoN Mri.n. 

'riie; ore; treeiteeel eit this mill varie;s in value; freim $-1 te; |7 pea- teen. The; 
mill has ne;t be;e'n in ope;ration for asuflicie;;;! time; te; stanehirelize; the; e;e)stH, 
but it is e;xpee;te'd that the;He; will not ave;r!ige; higlu'r tlian the)se; e)bt!une;el 
at othe;r similar mills in the; elistrict. ''I'he; mill is eit i)re'semt treaiting abe)ut 
200 tons per elay, perhajes the average; be;ing a little; unele-r that figure;. 

A Mill of Historical Interest..At d’eerry is situate;el the; liUnelbe-rg, 

Dorr efe Wilseen we;t-e;rushing (;yaniele; mill, owne;el by a partne;rslui) 
ce)m})ose;el eef John Lunelbe;rg, J. V. N. Dorr and A. D. Wilson. ]'’e»r 
ae;veral re;asons this plant is uniepie;. It was started in Jammry, 1904, 
and was the; first mill in the we)rlel te; e)perate; continuously anel sue;e;e;ssfully 
a lc;af-fdte'r phuit. It was in this j)lant tluit the; first filte;r plant elesigneul 
by George; Moore; was installe-el, its elifficultie;a cne;e>unte;re;el anel e)ve>r- 
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come; the original plant is today operating and doing good work.^ In 
this plant also the well known Dorr classifier and the equally well known 
Dorr thickener were developed. In addition this was the first plant in 
the Black Hills to use the improved Chilean mill for crushing in cyanide 
solution. The plant has operated steadily since January, 1904, except 
during the labor troubles of 1907 and 1910, and it has the best record for 
continuous operation of all the Black Hills cyanide plants. The mill has 
a capacity of 110 tons per day and, due to the fact that it is treating 
custom ores as well as ores belonging to the partnership, few details of the 
practice have been made public and no information as to costs has been 
given out. 

The ore from the mines belonging to the company is held in three bins 
having a capacity of 135 tons and the custom ore is dumped from mining 
cars on the Chicago & Northwestern R.R. tracks in the rear of the mill 
into bins holding 80 tons, from which point it is trammed to the crushers. 
After passing over grizzlies-with openings of 1-| in. the ore passes through a 
Gates gyratory crusher and thence to a 12-in. vertical belt elevator which 
delivers it into a 75-ton crushed-ore bin. As the ore drops into this bin 
an automatic sample is cut from the stream. 

Wet Crushing Rolls.—From the crushed-ore bin the material is fed 
by a cam feeder into a Carterville geared roll together with solution 
carrying 1| lb. KCN per ton. The solution is run in sufficient quantity 
to sluice the product satisfactorily through a launder into the Chilean 
mill. This product, which will average about | in. in size, passes to a 
6-ft. Monadnock Chilean mill, and is reduced so that practically all of 
it passes a 30-mesh screen. At this point sufficient clear overflow from 
the thickeners and cones is added to bring the quantity up to three or 3^ 
tons of solution to one of ore. 

The ground product from this mill is taken to a standard Dorr classi¬ 
fier, the sand product of which passes to one of four leaching tanks, 
each 18 ft. in diameter by 11 ft. deep, holding 105 tons of sand. In 
addition to the 32 hours required to fill each tank, the charge is given a 
further 12-hr. treatment with mill solution. The balance of the five-day 
treatment is with barren solution carrying IJ lb. cyanide per ton, fol¬ 
lowed by a weak-solution treatment and finally a minimum water wash. 
The leaching rate starts at five tons per hour and gradually diminishes 
toward the end of treatment at which time it is one to 1| tons per hour. 

Slime Treatment.—Slime from the classifier, which amounts to 50 
to 55% of the dry weight of the ore, is divided between two cones, one 
18 ft. in diameter and the other 22 ft., and one standard 18-ft. continuous 
Dorr thickener. The two cones are so placed as to give a gravity flow 

1 This mill was closed down late in July, 1913, which was subsequent to the date of 
the present article. 
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( 3 f clear solution to roll supply tank \vhil(‘ tlu^ ovtaMIow of th(^ t]ii(‘k- 
oner goc'S to tlie chilcain null. thiekcuual slime containing* about 55% 

moisture is transba-n^d l)y tuv lifts from tlu^ thi(*k(‘n(‘r a,ml tlu^ LS-ft. com^ 
to the 22-ft. (a3n(a .hrom tlu^ lattca* it |i;()(\s to a small (*on(‘ a-gitador and 
into the loading va-t of tJu^ Moore fill,(a*, usuaJly (‘arryin^ a,))out 55% 
moisture and conta,ining from fiv(' to K)% of —2()()-m('sh imit(HviaJ. 

First Moore Filter. This ori^*ina.l Moore lilkT ])hint was d(\si^*ned in 
the be^ijinnin^ to Inindh' 50 tons of slim(‘ j)(a*da,y, but it has bcaai (‘rovvdcal 
until it now handh^s OO tons daily, usin^ lavo ba.sk(Ms. With minor 
changes in th(^ construction of tlu^ plant and a cha,ng(‘ in i.h(‘ bot tom of om^ 
tank th(^ instailation is practically th(‘ sanu^ toda.y a,s whcvuit was (h'sigmal 
in 1903. 

The cran(‘ for t h(‘ transhvr of the bask(‘t is oi)(‘rat(ul by wat(a*a-t 105-lb. 
pressure, tlu^ water lading })ump(‘d into an acuaimulator. It givers little^ 
troul)le and (‘osts almost nothing for maint(a\a,nc(‘. Tlu^ mill solution 
and most of th(^ banam-solution wash frorii t.lu' filUa* pro(‘(‘Ss and sand 
leaching go to t.In^ gold tanks and an^ ])r(a*ipit:at(Hl. Solutions assaying 
l(\ss than $1 per ton ar(^ not pna'ipitat-cal unh^ss t he t.naitjnnnt ha-ppems to 
demand additional barrtm-solution, or tlu^ su|)ply of high-gra,d('solui.ion 
is insuffici(mt to k(H‘p th(^ pr(‘cipitation (h^partnuait busy. 

Tlu^ solutions nvo prcaripitakal by m(‘a,ns of zim* shavings. In ITis 
plant banaMs hav(^ always be(mus(‘d insUaid of ziiu* boz(‘s, th(‘plant Iniving 
a total of 30 l)arrels in 10 rows of threat (ai(*.h. Tluy aT(‘ ckaamal up twicer 
a montli, tlu^ rul(‘ lading to tak(^ all th(‘ conkmts of tla^ la^ad barrcvl, [)art 
from th(3 s(‘cond barn^l and still less from tla^ third barr(‘l, sorting all tin* 
coarse /vine, and nh-urning it to tlu^ sc'cond barr(‘L Tin* fim^ /inc and 
precipitate thus sorkal out are placed dircadly in tlu^ a,(‘id tank. Thc‘ 
barnMs an^ all movcal up om^ sk^p, thc^ S(a*ond barnd IxMorc' (‘Ic^auing up 
b(Ha)ming th(‘ first and t.la^ first barn‘1 moved down to tli(‘ foot. Tli<‘ 
second barr(‘l, now tlu^ h(‘ad of tla^ s(‘ri(‘s, is r(‘pack(‘d, tla^ n(‘xt partially 
r(^packed; all of t la^ fim^ makalal tak(‘n out is put in th(‘ acid tank. As 
the chain up usually consists of about 100 Ib. of dry prodmM., all the figurt^s 
wliich follow apply to a (‘hainup of that siz(‘. 

To thc‘ produc*t in tla^ acid tank 415 lb. of comm(T(*ial sulphuri(^ acid 
are addcsl and allow(al k^ nunain in (‘ontact for si.x to sewam hours, or 
until chcunical action has tuairly ccaiscal. Waka* in (‘(|ual volunu^ is tiaai 
added and the* conkaits ar(‘ laait-CMl with liv(^ st(‘am and allowed to stand 
10 or 12 hr., usually oven* niglit, Th(‘ following morning ila^ solution is 
siphoned into a S(‘ttling tank wlaua^ any flcHsuihmi matka* is sth-thal. An¬ 
other waka' wash is add<‘d and liv(^ stxaun again introdinaal to luait the 
charge thoroughly. The* eliargc^ is tluai allovvaal to stand al)oui a,n hour. 
The chair solution is drawm off into a vacuum tank and fdk^rcal. Wheat 
the acid tank is ncairly (anpty tint (‘ouktitts art* (ana’gctkcally stirreal to 
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bring all of the product into suspcnisiou and the (‘harg(^ ivS transferred to a 
vacuum tank and filtered. 

When the moisture contained is brought down to 4 or 5^^ tlie product 
is taken from the tank, broken so that no pi(HU‘ is larg(u* than a 1-in. cube 
and placed in flat, iron roasting pans. TIwhv. pans ar(‘. plimnl in a soft- 
coal furnace and the fire is started. The furnacu^ has a total capacity of 
four 18X3-in. pans in two layers; to two liours' time is suflicient to 
drive off nearly all the zinc, and the r(‘sulting bullion is (‘omparatively 
clean. The product in the pans is not touchtul or st-iriHal during the roast¬ 
ing and experiments have provtul that metdianieal loss(\s ar(‘ tluvreby 
eliminated. The size to which the product is brokem is siifiall (^nough to 
insure a good clean roast. 

The roasted precipitate is pla<‘.(‘dina No. 100 graphite crucible in a 
coke furnace together with five to stwam potinds of flux composcHl of f 
borax glass and I sodium (uirbonat-c^ Mi'ltitig is usually e.ompl(4.(Ki in 
about hr., using 80 to 100 Ib. of eok(^ ddu* bar is pourtnl into a bullion 
mold as it is not necessary to nunelt. nssultirig bullion is 950 to 
970 fine. Bars have been made as liigh as 98*1 fim% hut tlu* a,vantage is as 
stated above. 

Although the mill was built sevtm years ago it is kc^pt in tlu^ b(‘st repair 
and is still uptodate in most of its f(^atur(‘S. Tdu^ maeliiutuy is drivim by 
electricity throughout, using alh^ruating current n,t ‘140 volts; a total of 
104 hp. is used. 

Other Mills in the District. Among tlu^ mills now operating in the 
Black Hills district may be mentioned the ntiw lit‘liam‘,e, which lias just 
been remodeled and has started opiTation along lim'S unusual in tlu^ camp, 
treating slime by a continuous d(Humtatiou pro(‘<‘SH ami making use of 
Dorr thickeners for the purpose. This mill has also inHt,aUe<l a Portland 
continuous filter for filtering tlu^ Bliim^ tailing. Th<^ mill lias been in 
operation only a short tiim^, nunodtding is not. yi^t (unnphd.e and no 
information is available for publication. 

The Bismark Mining C 'o. is building a mill near <1 h‘ Wasp No. 2 in 
which the system of treatment will h(^ idcmtical with that of the latter. 
The mill is approaching completion and sliould be in op(?ration in tlic 
near future. 

In this paper no numtion has Ixam madet of tin*, mc44illurgy of the 
Homestako installations. This is a math^r whicli is ho c'xicmsivc^ that it 
should be treated alone and I hope in a later pap(*r to cliscuss that practice. 
The Homestake is treating ores on a scalc^ whicdi is not ec|ualcal at the 
present time and lias attained an astonishingly low mmt for mining and 
milling. An ore of low grade is being treat<Hl and the mtdiiods, original 
in many instances as they are efficient, are a lasting (credit to tln^ C'UCTgy 
of the technical men who are responsible for tlieir dewising. 
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There are many mills in tlie Black Hills wliich are not now oi)erating, 
but it would serve no useful purpose to speak of these at the prc^sent time 
in spite of the fa(‘.t that sonu^ of them may resume op(u'ations in the near 
future. 

Conclusions.—It is with no little liesitatioa that one venture's to call 
attention to details in the practice of this district which seem eaipable of 
improvement, in yle.w of the fact that capal)le opcirators have studied 
the problems and undoubtedly are aware of the solutions of thein evc^n if 
they are not put into |)ra(d.ice at the present time. A litth'. critic/ism, 
however, may be hel|)ful from a constructive point of vi(nv and thc^ f(^w 
sug|[?estions that I veiiturt’; to make ar(^ offcTcd in a friendly spirit, witli a 
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desire only to add a little to the pre^semt pratd/uui. It is {)()ssibl(i that a 
perspective view may b(^ apprcKuahHl ])y thos(i whos(^ vision lias ham 
limited by long contact and short focus. 

The first irnpre^ssion is that in f(^w of th(^ op(U’atiug plants is th(n*(^ any 
efficient means of estimating witli accuracy tlie tonnages trc^atcuL Thc^ 
importance of the point will be r(ia<lily appreciated by those familiar with 
the probkun, so that it needs no discuission. It will b(^ suffit*.i(uit to say 
that mill estimations are not Buffic>i(intly ac,(nirat(i upon whicJi to l)as(^ 
comparative calculations ex(;(^pt in such extraordinary cases as has n,h 
ready l)een rncmtioruHl in the Wasp No. 2 mill. A systcmi of wcVighing th(‘. 
mill ore, while expensivti to install, will n^pay, in information acquircnl and 
in satisfaction, any financial outlay which may be mxtissary. 

The same is true of samplixig. Haixipling plants are expcuisive i.o ixistall 
but are prodiudive of mmdi good. In some mills in the district samples of 
mill run are takem by means of a large cdxwator buckx'.t fixed to a cliain 
belt which periodically crosses the stream of orci falling into tlie mill 
bins. This dcwice is more than likely to give erratic r(isults. Thci 
area of the bucket opening is too small, and large pierces of ore strike the 
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edges of the bucket and bounce off, leaving a sample which is not repre¬ 
sentative. Often the capacity of the bucket is not sufficient to hold the 
entire quantity of ore which belongs to it and it piles up and overflows, 
again resulting in an erratic sample. I believe it is recognized that to 
secure a proper sample it is necessary to take.the whole stream of ore at 
regular intervals, the oftener the better, and to reduce the size of the 
sample by successive operations of the same kind. A part of the stream 
for all or part of the time is not sufficient and leads to a sample which is 
not accurate, and this, in the opinion of those who have most carefully 
studied the subject, is worse than no sample at all. 

Crushing Hard Ore with Rolls.—The practice of crushing through 
rolls in this district should be an object lesson to some metallurgists who 
have maintained that rolls are not adaptable to hard ores. Some of the 
roll installations here are crushing extremely hard, close-grained ores and 
doing it efficiently and at low cost. The controversy as to the supremacy 
of rolls or stamps might receive considerable light if a thorough comparison 
of the different practices in the camp were made. The greatest difficulty 
is that only one company, the Homestake, is using stamps, and this is 
on such an enormous scale that the extremely low costs obtained there 
cannot be compared with those obtained by rolls on a much smaller scale. 
The Homestake mills arc treating more than 4000 tons daily and by 
reason of the extent of the operation are al)le to institute economies 
which would be impossible in smaller plants, the largest of which treats 
but 500 tons daily. Comparison of results without a long period of 
study and analysis is obviously out of the question. 

High-speed Chilean mills are opc^rated in a number of plants and are 
giving good results. I have for some time believed that the slow-speed 
mill is capable of giving more economical r(‘.sults and a comparison of the 
cost of these and the cost obtained by the slow-speed mills at the Minne¬ 
sota mill would be of greatest Intercast. In vi(‘w of the fact that the latter 
will probably begin operations soon I hope to see this comparison made. 

The use of lime is accompanicid by some losses which might posMbly be 
avoided by some slight change of method. This is typified in the case 
of the Wasp No. 2 which has already been mentioned and a similar 
procedure is followed at some of the other mills. The use of lime should be 
carefully watched, as it has been clearly proved at the Homestake that 
excessive lime has a retarding effect on the solution of gold in the ores of 
the Black Hills. 

On the ores in general it is said to be true that fine grinding increases 
extraction, and where the ores have sufficient value to justify additional 
expense it would seem to be good business to determine accurately at just 
what point grinding can be carried to return the maximum economical 
extraction. 
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THE LIBERTY BELL MILL, TELLURIDE, COLORADO 

The mill of tlie Libcu'ty I^ell Mining Co. is situated near tlie town of 
Telluride in San Miguel County, Colo. It is an old mill, operations 
having commenced in 1898 and continued up to tlie present time with 
only a few interruptions due to reconstruction and improvement of 
the plant and the unavoidable loss of time on account of labor troulihvs. 
The mill began operations with 10 stamps and the scale lias gradually 
been increased until at present there are 80 stamps in operation, crushing 
a totjil of about 485 tons of ore per 24 hours. 

Type of Ore. —The ore consists of quartz or calcitc^, Iiandcul, occairring 
either alone or together, and often having buncluvs of the f(4dspathi(‘, 
country rock. The vein material is generally friu^tured ahd CKintains larger 
quantities of clay wliich produces a colloid slime in tlie milling process. 
The ore is not hard and milling is comparatively simpler 

Cyanidation was early installed. In 1899 an exiierimental jilant was 
built and tested and, success having been demonstrated, a 250-ton kuiching 
plant was erected in 1900. It was soon shown that a substantial profit 
could bo obtained by this method, although at that time it was about the 
lowest grade of ore being profitably handled by sueli process. Conditions 
were facilitated by the delivery of power from the plant of the Telluride^ 
Power Co., which had just begun operations. .All tliest^ conditions aided 
in securing the satisfactory result which has been continuously improved 
upon up to the prcisent tinu^. 

Ore Breaking. primary crushing plant is instalhul at tlie mine 
and consists of two 11X 18-in. Blake sectional crushers. The ore is 
delivered above tlie crushers on to a grizzly having 3-in. opcuiings. Thc^ 
pitch of the grizzly is stcMip, about 52®, in order to secure a satisfactory 
run of the ore, which is wet, averaging in genc^ral about 8% moisture. 
The crushers break the ore to the same approximate size', as the product 
which has passed the grizzly, so that the material delivered to tlie mill is 
sufficiently small in one? dircution to pass the 3-in. opeming. It should 
be noted, however, that this is a much different thing from passing a 3-in. 
ring, as material having one 3-in. dimension, no matter what its length 
and breadth may be, will go through the grizzly and large slalis of roc^k 
are frequently run into the mill. 
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miloB loui^. T\u^. (‘iibknvay (‘rosscvs a high divide between the mine 
and mill, whi(‘h iu‘(*(\ssita,t(‘s a more siil)stantial construction than when 
the whoh^ liiu^ is on om^ approximate level. The highest point on the 
tramway is 1800 ft. higlua- t.hati the mill. At the mill a steam-heated 
detention room is provichal, which is useful in winter for thawing the 
buckets wlii(*h have Ixan loadixl b(‘tw(xm shifts. Each bucket carries 
about 700 to 800 lb. of ona 

Amalgamation in Cyanide Solution..-There are 80 stamps of 850 lb. 

each in tlu^ mill, having a 7-in. drop and 106 drops per minute. Four 
of tlu^ fiv(vstamp ba,tt(‘ri(^s a,r(^ (Mpiii)p(al with 12-mesh screen, due to a 
diff(a'en(‘(‘ in (a)nstru(‘tion, but tlu^ rcsst (‘.arry 14-m(vsh wire screen. The 
milling is doru^ in (*yanid(‘ solution carrying two pounds of KCN per ton. 
Th(^ sodium salt is uscmI l)ut the r(H‘ords are kept in terms of KCN as is 
(uistomary i)ractie(^ ai. pr(\simt. 

In front of (‘a(‘h liv(‘-stamp batb^ry is placed a copper amalgamating 
platc^ 4 ft'. 7 in. wid<‘ and 8 ft., long, with a slope of 21 in. to each foot. Over 
this plat(‘ tli(' pull) PHss{‘s and is amalgamabul. This detail is worthy of 
])articuhir ai4(‘n( ioti, a.s som(sauthoriti<‘s have maintained that amalgama¬ 
tion cannot b(‘ smu^essfidly ca.rried out in cyanide solutions. It is done 
suc(u‘ssfully at th(‘ Lilaady H(41 mill. Care and attention are essential 
to good ix'sults and a, knowhalgi* pcamliar to this particular work must be 
obtaiiHMl to op(‘ra((‘ it succa^ssfully. 

Tho plat(‘san‘ maintaiinal in a ratlu^r 'Svet^^ state, for if they are nm 
fairly dry as is usual wlum millitig in waUa*, tluy soon become too hard 
and crust(‘d t.o b(‘ of any us(‘ in r(‘cov(Ting the gold. Keeping the plates 
wet avoids (^xc(wiv(^ harchming of the amalgam and allows the 
retention of a larg<‘ pcaaamtage^ of th(^ gold. In view of the fact that some 
(piiciksilver and amalgam may bt^ scoured off the plates while in this wet 
condition, traps ar(^ us(‘d to r(Ha)V(a* any particles which may escape. 
It is not (4uini(‘d that th(* (*.xtracUon under these conditions is as high as 
wium th(M)p(a’at ion is (airricxl out in wat<‘r, but the object of the operation, 
wlu(‘.Ii is tlie rcH'ovcay of any coarse^ gold which might not readily dissolve 
in cyanide^ is attaincal and tlu^ sysban has obvious advantages over milling 
in wat(^r wh(*rc^ eyanidatiori is to follow. 

Wlien milling is dotu* in watca* there is an appreciable amount of it 
introduced itit.o tln^ cyaniding system and it follows that an equal amount 
must })e discharged wiili th(^ rcssidues. 

It is almost imp{)Hsit)le to get rid of th(^ residual moisture without losing 
some cyanides atid (lissolvcxl metal along with it. To avoid the discharge 
of excessive nu)ist urct witli la^sidues as far as possible is an important item 
in cutting down 1oshc\s and by milling in cyanide solution, wherever it is 
possible, this discharge and its valuable content is saved to a large extent. 

One d(welo{)mc‘ut of milling in water, where that measure seems 
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unavoidable, is the system in use at the mill of the Smuggler-Union 
company, where the pulp delivered to the cyanide plant has previously 
been crushed and concentrated in water and contains an (mormons pre¬ 
ponderance of the liquid. This pulp is h(T(^ thi(‘k(m(Hl and them filtered, 
from which point it begins cyanide treatmemt containing a. minimum of 
moisture. This is a system which cannot be gemcTally recomnumded and 
its use in special cases will be considc'rcd later. 

Classification and Concentration. —The pulp from tlu^ battcuies is 
carried to Richards hindered-s(>ttling classifiers, wliicdi make a coarse, 
middling and fine product in addition to the slime ovnudlow. Tlui latter 
is taken to 6X6-ft. settling cones, the und(‘rfiow of whicdi is concemtrated 
on Wilfley tables, the overflow going to Dorr thickemTS. 

The underflow product from the Richards classifi(‘rs is (‘oncentrated 
separately on Wilflc^y tables, the tailing going to an Akins (dassifier and the 
middling passing over a Bunke^r Hill senum whi(*h is fitt(‘d with Ifi-mesh 
No. 22 wire screen. The ovc^rsixe from this s(‘r(‘(m also go(‘S to the Akins 
classifier, the undersize Ixnng (a)nc(mtrat(Hl on n, Wilfl(\y tal)l(^ the tailing 
of which goes to the same classifier. The accompanying flow sluxd; gives 
the details of the pulp flow and ma(‘.hin(ay in oixa-ation. 

The Akins classifier d(div(TO the sand to a 5X22-ft. tub(‘ mill of the 
Abb6 tiro type, the mill feed containing alxnit 40% moist.urt^ Tlx^dis- 
charge from this mill is raised to a diaphragm com^ wlu'rc^ a separation is 
made, the overflow going to a simifle (‘.one and th(^ umhx'flow frotn )x)th 
of th(im going to a second tube mill idcmtical with th(^ first oiu^ numtioned. 
The overflow from the simple cone, togetlxT with thc^ prodmd; of the 
second tube mill, is elevated to a second s(‘ri(^s of amalgamating plates, 
and from the plates to cones, the undt^rflow Ixnng leal to I)c‘ist(T slime 
concentrators and the ovc^rflow to Dorr thickiuK^rs. Kidruy pulp dis¬ 
tributors are largely used in the mill, Thc\s(‘ nuudrmes hav(^ ahxxidy 
been described.^ 

The tube mills are of tlui tire type, which is convcmiimt in allowing any 
desired size of inflow and outflow openings. Tn sonx^ easels mills of this 
type have proved more 6r less unsatisfactory, du(* to diffi(mlty in keeping 
the tires running true on the supporting rollers, but h(‘n^ this difficulty 
has been overcome by carcvful installation on heavy, rigid (‘onc;ret(^ l)l()cks 
and the use of a deep flange. No difficulty is now expc‘ritm(‘ed and the 
mills run true and without vibration. 

The mills are lined with silex blocks four in(dn‘s tliick s(‘t on (xlge. 
The lining lasts from nine to ten months without rcuunval and the type 
has been found generally satisfactory. In ord(^r, liowevc^r, to take 
advantage of any economy which might be availal)l(s (‘xpcu'imcmts are 
now being made with a lining of the Komabi type^ but as yot this work 
^ Eng. and Min. Joum., Nov. 26, 1910, p. 1046. 
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has not been carried far enough to give any conclusive results. Danisli 
pebbles are used in the mills, about 130 lb. per mill per day being tlie 
consumption. The mills require about 43 hp. to keep them moving. 
The feeders are of the usual spiral-dip type. 

There are three of these mills installed, but only two are in rc^gular 
use, the third being held in reserve. This reserve mill is so arranged that 
it can be used in place of cither of the other mills when one is cut out for 
relining or repair. 

Agitation of the Slime.— The Dorr thiek(ui(^rs delivcu' a pulp thick(‘n(‘d 
to about 2 : 1 to the Hendryx agitators, of which, there' are six. '‘Rlie pulp 
flow is continuous through the Dorr thickem^rs and the agitators, (!('- 
livering continuously into tlie (equalizer tank which feeds the filtc'r. TIh^ 
agitators were originally installed to take advantage of thc^ Hendryx 
specialties in cyanide m(d-allurgy, but these having been, found of (pu's- 
tionable value, were abandoned and the tanks retained sim])ly as agitators. 
They agitate by (dewating tlie material in a central tube iti the tank by 
means of a propelh^r sc.rc^w. Tlie system is (ionsidercal expensive of powca* 
consuming 7 lip. ('ach for tlie tanks, whi(‘.h liold aliout 33 tons of dry 
slime. 

Grinding Requirements. —Due to the soft and (daycY characti'r of tlu' 
ore, extremely fine grinding is not necessary. Tlie stai.cmKuit would 
probably be more accurate were it said that grinding tlu^ orc^ through 
an 80-mesh screen is sufficient to reduce it to sucdi fineni^ss that it may be 
treated as slime. The battery grinding alone prodiKU'S a pulp of tlu' 
following analysis: On 20 mesh, 2.9%; on 40 mesh, 20%; on 00 nu^sh, 
10.6%; on 80 mesh, 7.3%; on 100 mesh, 5.6%; on 200 mesh, 7.()%, a-nd 
through 200 mesh, 46.6%. After regrinding, the xiulp wlii(‘.li is subjiadcHl 
to agitation treatment has the following analysis: On 80 mesh 7.5%; on 
100 mesh, 4.9%; on 200 mesh, 14.2% and through 200 mesh, 73.4%. 

The pulp is easy to kecq) in suspension and is sufficicuitly fine to give' 
the maximum economic'.al (extraction. Tlue pulp as trteated (contains 
about 30% of colloid slirnce and one of the principal problems is iht' 
handling of the product and inducing settlement. In order to ])romot(^ 
satisfactory settlement a milk of lime is prepared and addcnl to tlu' 
inflow to the Dorr thicikeners, an average of S(wen or (fight pounds pi'r ton 
of ore being required. Tlie average specific gravity of the dry slimc'. is 
about 2.68, a figure which indicates no extreme eithc^r way, Init about an 
average ore density. 

Filtering the Slime Pulp.— The*Moore filter plant is one of the (^arli(^st 
examples. The tanks are of wooden construction, but are well put 
together and are still in good condition. For filtering there are four baskets 
of 66 leaves each, the leaves measuring 6 X 8 ft. These baBk(^ts are operated 
in two groups of three tanks each, the middle tank being the one in whieli 
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loading is carried out and the others used for washes and discharging. 
The cycle is as follows; Loading, 50 min.; drying and transferring, 
10 min.; washing, strong solution, 15 min.; washing, weak solution, 30 
min.; discharging, 10 min.; transferring, five minutes. 



The thickness of the cake made varies from seven-eighths to one inch, 
approximating 10 tons per basket of dry slime. The plant was.con¬ 
structed to treat a much smaller tonnage than is now being put through 
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it, but has been forced up to its present capacity by increasing the ef¬ 
ficiency of each operation. One of the refinements is tlie installation of a 
vacuum pump of high efficiency to expedite the filtering. ''This machine 
is of the type usually used for obtaining a vacuum in tlio manufacture of 
incandescent electric lamps. 'The system is a dry-vacuum o])erati()n, no 
solution passing througli the vacaium pump. The solution distdairgo is 
into a specially constructed d(iep pit for securing a baronud-ric discharges 

The loss in dissolved metal amounts to about tlircio ce'uts per ton of dry 
ore and the (\yanid(^ meeduinically lost to about 0.3 lb. |)er ton. The 
filtered pulp has an average dilution of 2:1 and air lifts are us(ul to as¬ 
sist in maintaining a,n (^ven consistency v(a'ti(ially in the tank. Tlu^ 
solids do not setthi rapidly, as has already Ixu^n mimtioned, but the 
air lifts are used as an additional assurance of homog(meity. Solution 
under 18 lb. pr(\ssure is used for discdiarging th(‘ ca,ke a.nd the oj)eration 
is concluded with air under 10 lb. |)ressure. 

The filter leav(\s ixxiuire a.cid trc^atnuuit about ovovy tlircx^ months, aiid 
to facilitate this operation without chday of filtration, a s(vi)arat(^ bask(d. 
is always kept in r(\adin(\ss for instant xmo, basket reciuiring ac!i(l 

treatment is removed from servi(‘(‘. and the (‘xtra oiu^ imnuHliat.cdy put 
into action. A sc^para-te tank is providcnl for (containing Iff h for treating 
the leaves, atid tlu^ cost of th(^ a,(dd-tr(^ating opc^ration naounts to al)out 
0.6 c. p(ir ton of on\ 

Precipitation is a(*.e,omplish(Hl by im^aiis of zinc, shavings, using l)ox(us 
of the ordinary typ(^ It is re<*ogniz(Hl tliat the use of dust offers 
convcmiences a,n(l in ma-ny cases (^‘onomieVs, but the que^stion has l)een 
given canTul study without s(unning to justify a (diange of syskun. 

The pr(X‘ipitation at th(‘ Tabtu'ty Ihdl mill givc'-s no troubles in any way, 
the only reciuiixmumt being that th(^ clarific^l solntion b(^ allowed to pass 
over the zinc a,t the statcxl rate of about 0.7 ton p(^r cu. ft. of zinc, sliaving 
per 24 hr. Pnuipitation is good, head solutions (‘.arrying $1 pc^r ton givc^ 
tailing assays of onc^ l-o two cemts per ton. ''I'lu^ solution going into the 
pregnant-solution tanks is m(i.(T(Hl by tlio use of a d(wi(‘e similar to that 
described in th(i artich', on tlui TIollinger mill at Por(‘.ui)inc^, Ontario. 

The precipitates is nuited in oil-fired tilting furnac(*s, ana Sicasle-TIarvey 
and one Donaldson furnace Ixing installed. The o|)(u'aiioii is (sxtrcsmely 
simple and {)res(snts no difficulties. Idle pr(s(*ipitat(s is lightly acid tresatesd, 
fluxed and rneltcxl, tins bullion olii.ained averaging over 9()() fin(\ 

A small blast furmuses is used for chsaning up all wastes prexluest such as 
flue dust, slag, sweepings, estc. This matesrial is all lirieiuesttesd with 
Portland cement in such proportiein that a satisfactory slag will ressult 
and periodical runs are rnades which eslirninates ay wastes producsts. Thes 
results are altogesther satisfactory, there being a substantial saving oveT 
selling such matesrial to tlie smelters. 
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Use of Heated Solutions.—The heating of solutions has been found of 
assistance in the mill. This measure was adopted primarily for the pur¬ 
pose of bringing extractions up to the normal point in cold weather, but 
it was considered advisable to continue to warm the solutions through¬ 
out the year in order to take advantage of the additional recovery of 
the silver. The effect upon the gold is not noticeal)le. 

The matter of warming solutions is one that has received some atten¬ 
tion from metallurgists in various countries and in many eases has not 
shown any particular benefits. At any rate there has beem no con¬ 
sistency in tlie results obtained. The silver mills in Mexica), particularly, 
have experimented with solutions of various temperatures and generally 
speaking the improvement has been so small and variable that benefits 
have been considered not proven. In case of tlie Lil)erty Bell, the action 


o 



of the warm solution has not been studicul for suffi(U(mt time to warrant 
final conclusions. The Ixmefit, if any, may not be (*,onfin(Hl to the dissolving 
effect of the solutions but may extend to th(^ amalgamation and con¬ 
centration, as will be mentioned later. 

The ore delivered to the mill is not r(^gularly sampknl nor weighed. 
In order to approximate the weight, a numlxu* of tlu^ tram-way buckeits 
are weighed each day and the total weight of or(^ d(div(U'ed is calculated 
from this information, together with the number of l)uckets coming into 
the mill. The latter are counted automatically by nuuins of an electrical 
device which records each bucket as it enters the mill, tlie counter being 
installed in the mill office. No sample is takim of the ore, the average 
content being obtained by summing the total mill production and the 
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content of the tailing leaving the mill. The latter is sampled auto¬ 
matically by a device invented and perfec^ted by W. E. Tracy, mill sup(T- 
intendent. The samphn* has Ixien des(*j‘ibed before^ but a sketch of it is 
herewith presented as it is worthy of note, 

It consists of a disk mounted on a shaft and moved l)y means of a 
worm gear. A pipe is fixcnl to the disk, the pi|)e having a slot througli 
which the sample enters. The worm g(^ar movers tlu^ disk slowly until a 
point is reached where the weight fixed to the disk ov(a-balances the pip(‘ 
and the disk swings around rapidly, tlie slot in the pipe ])assing tln^ 
tailing stream and taking a samph^ of it. Thc^ momentum is suffic.icviit 
to carry the disk far (mough to raise the pipe into a V(‘rti(‘.al ])()sition 
again and the sampk^ runs out of tln^ (uirved (md of the sam|)ling pip(^ into 
a small launch^' whi(*.h is properly placcal to rov.civo it and condintt it into tlu^ 
sample receptacle. The movemumt is so rapid that the solids in tlu^ sa,mpl(‘. 
do not settle and the pipe drains (‘hainly. A pawl engaging a ratedud; cut 
in the disk prev(mts a r(d-urn swing of th(^ disk. 

This system of (sstimtition of ore contemt (*annot be; r(au)mm(md(Hl at all 
times. It may fairly satisfactory if ev(a*y (^arc^ is tak(m to avoid mis¬ 
haps and losses within tlu^ mill, but its great weakness is that smdi loss(^s 
and shortages of production cannot be nxidily d(‘t(x;ted. 


CHEMICAL CONSUMPTION AND COST AT LIBERTY BEI.L MILL 


Material 


I (^-ouHumpt.ioa per 
ton ore lb. 


Cost 


Unit. 


Zinc. 

Lime. 

Cyanide (KCNJ 

Litharge. 

Pebbles. 


0.5 

7-S 

i.a 

o.a 

0.54 


SO, 

.115 

lb. 

0, 

.005 

lb. 

0, 

.215 

lb. 

0. 

,0S5 

lb. 

57, 

,75 

ton. 


The period of agitation whi(di tlui pulp re(Hdv(^s in the mill is about 14 
hr. in the mill circmlation and about 12 hr. in thc^ Ilendryx tanks. Tlu^ 
consumption of clumiicals and the cost pt^r unit is al)out as given in th(^ 
accompanying tal)l(\ 

Metallurgy of the Ores.—Tlie nudallurgy of tlui Liberty Hcdl orc^ is not 
complicated, as tliere is no rcLellious element to l)e recdconed with. ''riu^. 
fact that silver exists in siifficicmt quantity to makci is extraction an o!>j<uvt 
introduces an ehunent which is somewhat more complicated than wluui 
only gold is to b(^ extracted. In this case, howcvcvr, th(^ quantity of silv(^r 
is small and strong sohxtions do not have to be resortcnl to. A 2-lb. K( 'N 
solution is used throughout the mill. Th(^ use of a hiad salt, how(W(T, lias 
been found advantageous. At first h^ad ac(d;ate was us(h1, addcnl to thc^ 

J Trans. A. I. M. E., Octobor, 1911, 
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agitators, but now litharge is iu reguiur us(‘, i !u‘ luiditiou lading made to 
the tube mills whore it is n^adily ground up and put. into solution. 

The thorough system of eomamtration us<mI is ba,s(sl upon the belief 
that it does not pay to a-ttompt to (^xtrat‘t t h(‘ contents of t sulphides in 
contact with the remaiiuha* of tlu^ ori‘ as th(‘ stnuig solution r(‘(piir(Hl and 
the long time would (mtail a loss of cyani(h‘ and <‘ost of agitatton out of 
proportion with the laHanuaw. By nunoving tln‘ sulphid(‘s th(‘ siliceous 
ore may bo treated, as has btam shown, with wcaik solutions and short 
time of agitation and tlu^ sulphid(‘s may b(» handhal in sonu^ satisfactory 
way. 

Up to the pres(mt the sulphidt‘S have' iMam sold U> tlu‘ sm(‘lt(n-s, but 
experiments are und(U‘ way looking t.oward a cyanidaf ion of tlu^ product 
on the ground Whih^ tlussc^ {‘xp<*rimt‘nts ha\u' not Ixam (airricxl to con¬ 
clusion, it may b(^ said that tlu^ indi<attions are t hat th(‘ is feasible, 

and if this is true an additional saving will mad(‘ possible. Th(‘ idea is 
to treat the cone(mtrat(‘ in a s(^parat(‘ system using strongiu* solutions and 
more time. Th(^ n^sidiuss from the (‘omaudratt* tn^atnuuit will b(‘ thrown 
in with the regular silicx'ous or<' ami will thus be‘ givtm an additional treat¬ 
ment, with tlu^ possibility that tlu^ total rtwovtuy, compaiaMl with its cost, 
will show a great<‘r profit than tiui method mnv followaul will iu*odu(*e. 

Special Metallurgical Features, 'riie two sptxual mtdallurgical 
features, as Inivc^ Ixxm d<sscrib(‘d, are* first., amalgamation on platens in 
cyanide solutions, and sexamd, th(‘ luxating of mill solutions in (u*der to in¬ 
crease extraction of silv(*r. 


P KRG KN '1'A( i K 10 X'r ll I () N 

AT tlHKU'rV 
VKAli um 

liHl.t MIIJ. UUUINC FISCAL 

(ield 

Ainalganuition. 

Cyanidation.... 

Concentration. 


Fir.nt half 

•IH UH 

So 71 

7, 

Sfx^otui half 

50/20 

:i4.40 

8.40 

Total............ . , 


02 21 

IKi.OO 




Amalgamation,.. 

7.12 

u.:io 

Cyanidation.. 

.'17 ,.07 

20.70 

Concentration. 

17 24 

21.00 

Total.. 

02,02 

72. tU) 


The first of these items is one* that has Ihhui calhal unsmaxwful and 
impossililc in many eases, l)ut it has li<»re demonsf.raied its value?, and 
there can be no reasonalile doubt iliat it is usidul in soimt c‘iise*H. I should 






THE LIBEU.TY BETJ. MILT., TI^LLIHIIDE, COLORADO 


77 


consider it a valuable system to adopt in cases where amalgamation was 
considered essential for the purpose of recovering coarse gold whi(*h would 
not dissolve in cyanide solutions in any r<uisonable h^igth of time', 
and which existed in sucli large,^ (quantities that the regrinding qirocess 
would not reduce it to some form re'adily dissolvenl. It sliould be pref¬ 
erable to milling in water, which lias manifest disadvantages. 

Extraction and Cost. —Due to certain change's whiedi toeik place in 
about the mieidic of the pre^sent fiscal yc'ar anel the changes in mill resulis 
which followeel, the eire eumtent anel recovery arc given as type's for tlu^se^ 
periods. The ore conte'ut for the first lialf of the year was 0.27 eiz. of golel 
and three oune'cs of silve'r; for the second lialf, 0.27 oz. of gold and twei 
ounces of silver. 


'PABLIO t. IJBUHTV BIOL 

L M1LLIN(J COSTS 



1 Labor 

Supplies 

Genera] mill labor. 

.I SO.0901 

$0.5811 

Crushing,.. 

. o.or):M 

0.0194 

Stamping. 

. 0.09:i5 

0.0973 

Regrinding... 

. 0.0104 

0.0005 

Settling and agitat ing. 

. 0.0150 

0.0390 

Filtering. 

. 0.0:172 

0.0509 

Concentrating. 

0.0470 

0.0199 

Amalgamating..... 

. 0.(M2(i 

0.0224 

Precipitating. 

. 0.0137 

0.0755 

Total labor. 

0.40:i2 

Total 0.0720 

Total supplies. 

.' 0.!)720 1 


Total cost. 

.^ i.:i7.?2 1 


Depreciation... 

0.1200 1 


Realization... 

.1 0.3100 I 


Total mill (‘ost of i>rodu(‘.tion. 

.: 1.8052 j 


The increase in silver (^xtraidlon in 

the B(K5ond half is 

notciworthy in 


view of the fact that the ore content is one-third le'ss, a situation whietli is 
opposed to general e^xperienc.e. Theu’ei arei twei factors wliicli havc^ change'el, 
either of which, or botli, may lie in part or wholly re^sponsilile^ for tlu^ dif- 
fc^rence in results. The first change, the mining of tlie ore from a differemt 
and deeper levcd, may have its effect, and the second changes, the increase' 
in solution tem|)(^rature, would naturally infliKuice results to sonn^ extemt. 

Of a total gain of 10.57% only 2.03% is due to improvcul rc^covc^ry in 
the cyanide solution. The (u)incidont altciration of two im|)ortant factors 
makes it impossible to say without further study just wliat part c^acdi has 
played in producing the final result. The ternpe^rature^ of thes solution in 
agitators and filter plant has been raised to about SO'^ F. and that on plates, 
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concentrators and settk^rs to al)out 7if. (‘ost ol op(‘ra,(ion, ])ased on 

the milling of 104,460 tons in s(^ven inoiiihs, is shown in th(‘ a.(*(‘oinpany- 
ing tables. 

TABLE II. DLSTR-IBUTION OK CIENEH-AIi lOXPENSES A4'LIBIOH.TV JU^TX 

MILL 


^ Labor | P(‘r too 

Superintendence.■ $0.02t)S 

Heating. 0.0120 

Electric plant.| 0.010() 

Lubrication.| 0.0024 

Pumping plant.i 0.0212 

W atchman . 0.00S2 

Examination and testH.1 0.000«H 


0.0001 


Suiiplit's ‘ Per ton 

V\\)v lines.■ SO.OOOP 

: Bins. O.OOcSf)! 

j Building. 0.0028^ 

1 El(‘ctric plant. 0.0111 

; Pumping plant.. .. 0.0198 

i Ktud an<l heating.: 0.0471 

i Toots.. 0.004:P 

^ (’yanidt‘.i 0.20141 

: Lime.i 0.04201 

I Lead salts..^ 0.0330 

: Light ami po\v(‘r.; 0.0378^ 

(Hland wn.ste .... . 0.0091 

Assaying and nudting. 0.03471 

: ICxaminalion and t(*sts 0.0027 

Miscelhuuaam.... . i 0.0001 


0.5811 


1 Combined lal)or and supply. 

^ The power in this item is that UHe<l in i)umping lad ween <lepartm(‘ntH. 
















CHAPTER VIII 


PRACTICE AT CRIPPLE CREEK, COLORADO 

The Cripple Creek district of Colorado is one of the most famous gold 
camps of the world and lias, at times, lieeii called tlie ricdiest gold district 
in existence. Although this (uui hardly be said to lie true at present, 
still the district is of great importaiuu^ and continiK^s to produce gold in 
large quantities. Its miiu^rals arc^ too w(‘ll known to rcuiuire a,ny dctaihul 
description at the ])r(\s(mt tim(‘. Tho occurrence of tellurid(^s of gold is 
distinguishing^and is the jirincipal fealuin^ which opposcss simpler reduction 
methods. 

The nu'tallurgy of the ores of the distric;t has passed through all th(^ 
changes common to most of th(‘ gold camps of th(^. United States, plate 
amalgamation, chlorination, (aiiuarntration and finally cyanidation having 
bcHui appli(Ml to th(^ miiun-als with varying d(‘gr(H‘s of succ(^ss, not to 
mention th(^ proc(\ssiou of |)at(mt(Hl and s(u*r(d proc.essc^s which hav(^ made 
one bri(^f app(^aranc(i and then vanisluHl forc^ver. At tlu^ pr(‘.S(mt time 
cyanidation, occ^asionally aloru^ but more gcnuu’ally in combination with 
concentration, or somc^ otlnn* metallurgical nutans, notably roasting, is 
applied to all tlu^ ora^s whicdi im\ too low grades to snu^lt, and tln^ procu^ss 
has b(^come (\ss(‘ntial to the lihi of the district. 

Many Mills in Operation^^' -T an^ a numb(^r of mills at work in th(^ 
distri(d and in addition to tlnvsc^ a (piantity of orc^ is slupp(ul to the two 
largo custom mills opc^rating at (kilorado S])rings. "Idu^ rieduu' ores are 
smelted but the ((uantiiy of this product is not so im{)ortant as it was in 
earlier days. By far tlu^ gr(^at(a‘ (quantity of ore is milhul and the (^yankh^ 
process is r(‘S[)onsibl(^ for the rinawery of a large part of tlu^ gold. 

Most of th(^ mills in distrkdi, or at any rat(^ the most important 
ones, use a (aimbination of <*oncentration ami cyanidation, the idcut laving 
to remov(v, as fa,r as possibh^, the t(dlurid(‘s, suli)hid(‘s and otlier ndnu^tory 
compounds whicdi do not yi(dd readily to (iyanidi^ trcaitnumt, huiving a 
tailing which is satisfa(*,t()rily tn^ated with cyanid(v solutions of low 
strength and at nuisonable cost. Some of th(^ |)lants ar(v simple leaching 
installations trevating or(v or waste of low grad(^ and in difhTcvnt dc^gnans of 
fmcmess, l)ut tlu^se pn'simt no rn(d.allurgical nov(4ti(‘s and ari^ simply 
efforts to extraid a profit from matc^rial available^ without referevnea^ to 
teelinictal nic(d»ies or (amservation of resour<a%s. 

Of the mon^ important mills which are following mod(’.rn practice and 
obtaining results whi(;h are satisfactory in various (h^gtaa^s, may Ixv mcm- 
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tioned those of Stratton^s Independence, Ltd., tlic Portland (iold Mining 
Co., the Ajax-Colburn and the Blue Flag Mining (U). Of these the 
Ajax is the principal one which lias made serious attempts to oliviatc^ tlu^ 
use of both concentration and roasting and use the (\yanide i)ro(‘(\ss 
direct, making use of chemical means in comliination with tlu^ cyanide 
solutions to dissolve the refractory gold compounds. Tliis mill has 
installed the Cdancy electrochemical method of procedurci and is now in 
process of ascertaining what benefits may lie expc^cted from it-. At pre^s- 
ent there is not sufficient information availa])l(^ to (nial)l(^ a siattammt 
which will definitely jirove either success or failures for i.lie system, but 
it is hoped that within a few months data for tlu^ sc'.ttkuncvnt of tlu^ (pu^stion 
may be forthcoming. 'Plici serious att(unpt of t.lu^ ojxa'atiOrs of this planti 
to solve a difficult problem along sci(mtifi(^ lin(\s is worthy of f.lu^ complc^te 
success tliat they hope to olitain. 

Separate Dry Crushing at Ajax.- .Tlie Ajax lias instalhul a, plant 

entirely separate from ii-s cyanide mill in whic^h the orc^ is (tusIkhI dry and 
mechanically sampled. Idie ore is brought into this phuit in (‘l(H‘.tri(*aIly 
moved cars and is passcnl through a series of (‘rusluvrs, rolls, scn^cais, etc., 
being samphul during the ])roc(^ss, and is finaJly dc^liveri'd in a (umdition 
sufficiently fine to b(‘. mixcal with th(‘. cyanides soluiions and (‘Ja-ssificnl, any 
oversize being I(‘d directly into the t\ibe mills for rc^grinding. Phis, I 
believe, is thc^ first attempt in the Oipple r(‘gion to slinu^ ail tlu^ 

milling ore and treat it directly by cyanides Phe siafc^imait of provcm 
results will l)e awaited with intcncsst. 

Phe Blue Flag mill is anoth(*r whi(vh is making a trial of a compara¬ 
tively new developnunit of <*yanidatiou. It is (Hiuipiied with machinery 
for the eontinuous-decaintation process using Dorr thi(*k(mers in (con¬ 
junction. with agitation tanks of a w(‘ll-known (hesign. Idiis procu'ss 
presents Boim^ innovations which ar(i of great int(a‘(\st at tins time a.nd 
will be discussed in a sccparatcc article. 

Portland and Independence Mills. -PIk^ mills of tlu^ lk)rtland (rold 
Mining (k). and Strati.on’s Indep(uid(mce, Ltd., are similar in many ways, 
the prin(d|)al differcuuui b(‘ing that th(^ Portland makers a total slinu^ prod¬ 
uct, while at tli(‘ Independence th(‘. sand and slime ar(^ f.ix^atcul sc^paratedy. 
Due to the fact that tlu^ Portland (a)mpany doc^s not dc^sirc^ to make; public, 
any dc^tails of its practice at the present time^, no information can b(‘ given, 
but it will be safe to accent the practice folioweul at the^ Independence as 
typical of sue*c(‘SHful work in the (Pipple Crox^k eUstried. and its systeni, 
which is made public, without re^serve^, will form the^ bulk of this artiede^ 

At this mill a long se^rievs of (experiments was condueeteed l)y Idiilip 
Argali and it was deciderl tliat thee most feeasililee meethod was (‘areful eeon- 
centration of the ores followeed l)y eyanidation of the tailing. Phe adapta¬ 
bility of this system was due to the fact that tlie ore contained a c|uan- 
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tity of gold in the form of telliirido wliich is not easily cyanicd by direct 
methods and it was considered advisable to removes this constituent and 
extract its gold content by some means more sfitisfactory. A mill to 
treat 5000 tons per montli was erected to make use of this method. The 
mill was afterward increased to handle 10,000 tons per month, at winch 
capacity it is now operating. 

The ore sup|)ly (iornc^s mainly from tlie dumps, a large a,c-(uimulation 
of this material having r(^sulted during the long life of the mine. Thc^ 
average contevnt has a valium of al)out $3.50 per ton as milh'd. An 
tric shovel is used for moving the mat<^rial, whi(di is loadcul into 4-ton (‘<a,rs, 
hoisted up an inclined plaru^ and d(4iv(^red into tlie (‘riishcn* hous('i. 

COSTS AT S44tATT(>N’S INDEPKNDENC.K MILL 


Per i.on 
l,reat(Ml 

Dump breaker: 

Power. .lO.UTJO 

Operation. ().0r)l(> 

H,ei)eirB. O.OGSl 

Total. $0. 

Crusbing and conc.cmtrai.ing: 

Power. ().UM() 

Operation. 0. Hl)2 

Repairn. 0.19<S2 

Loading c.oiH'.eni.rate... ().()()97 

Total.... 0.5217 

Cyaniding: 

Power. 0.()4H4 

Operation. 0.3420 

Repairs. 0.054 9 

Total... 0.4453 

MiscellaneouH: 

Heating. 0.0050 

Water nervic'c. 0.0048 

Liability inHurance... 0.0057 

Fire inHuraruui. 0.0298 

Taxes... 0.0405 


Total....... 0.0918 

Mine breaker^ ... 0.0109 


Total eoHt......... $1.2390 

^ The mill renadves one-tenth of its supply from a email breaker plant where mine 
ore is cruBlied to I in. and taken directly to the Chilean inillH. 
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From the head of the crusher house the ore is delivered to a No. 7i 
Gates gyratory crusher, which delivers its crushed product to a picking 
belt three feet wide. Here the larger boulders of barren rock are thrown 
out as much as possible and the belt carries the remaining material to a 
No. 5 Gates crusher, in which the ore is reduced to about 1 f-in. cubes 
and conveyed, by means of an 18-in. conveying belt, to the steel storage 
bin. The sorting does not materially increase the value of the ore, less 
than 3% being removed in the process, which is of more importance on 
account of the quantity of pieces of wood, steel and much other foreign 
matter which comes from the dump. 

The steel mill bin is of special design and was installed with the idea 
of obviating blocking or sticking of the ore, which object has been attained. 
It consists of a steel cylinder, the bin proper, terminating in a cone-shaped 
bottom. The apex of the cone is cut off leaving a circular opening four 
feet in diameter. This opening is set down into another smaller cone, the 
feed cone, which has a 12-in. opening delivering the ore to a revolving 
disk feeder. The opening in the bin bottom is large enough to prevent 
blocking and is small enough to relieve the feed cone of excessive pressure. 
The device works successfully and the bin can be entirely emptied of its 
contents without shoveling. The ore stored in the bin is all reduced to 
smaller than 2-in. cubes. 

From the storage bin the ore is fed through two sets of 16X36-in. 
rolls which reduce it to about J-in. size. Due, however, to the flaky 
character of the ore, largely phonolite, the size is more nearly f in., 
although its thickness is generally less than J in. 

Addition of Lime.—The ore coming from the storage bin is slightly 
moistened with cyanide solution which tends to settle the dust and also 
to slake the lime which is added at this point. By means of this procedure 
it is calculated that the lime shall be in good condition to render effective 
service, and by the passage through the rolls normal character of ore feed, 
they crush almost exactly five tons per hour with an expenditure of 55 hp. 
With the mill in average condition the pulp delivered from it has the fol¬ 
lowing approximate composition: On 50 mesh, 21%; on 100 mesh, 12%; * 
on 150 mesh, 5%; through 150 mesh, 62 per cent. 

The total steel consumed per ton of ore milled, using Midvale or 
Latrobe brands, amounts to 0.62 lb. The crushing pressure of the mill 
amounts to about 900 lb. per sq. in., which is probably somewhat increased 
by centrifugal force. 

The Chilean mill has been generally considered a sliming machine, 
but the operators at the Independence mill have found that within certain 
limits it is able to give a fine, yet granular product. The adjustment, 
however, must be made with a view to the result desired. In some cases, 
of which the Independence is typical, a fine, granular product is desired 
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for concentration efficiency, while in other instances, typified by the total- 
sliming mills, the highest economy is secured by producing nn extremely 
fine product as quickly and simply as possible. In the latter case the 
Chilean mill has been able to prove its adaptability, and when construc¬ 
tion includes the Mantey offset I should be inclined to consider the large 
diameter, slow-speed mill both cheaper and more efficient than the higlier- 
speed mills such as are used at the Independence, In connection with 
this subject it will be interesting to refer to my article on Chilean mills' 
and also the paper by Walter H. Urbiter'*^ on the same subject. 

The ore corning from the storage bin is slightly moistenc'd with 
cyanide solution wiiich tends to settle tlie dust and also to slakt^ 
the lime which is add(id at this point. By means of this proccuiun^ 
it is calculated that the lime shall be in good condition to reruha’ 
effective service, and l)y the passage througli the rolls becotru's 
thoroughly mixed in with the ore and prol)al)ly reaches eveay j)art 
of it. Being in a damp condition, the time of passage through tlu^ rolls 
to the mill bins and tlie time it remains in the lattc^r should bo sufficiemt 
for a thorough neutralization of any latcait or developed acidity in tlic^ (m\ 
The system of adding lime to ores in cyanide milling has been tlu^ subjrud. 
of mucli discaission and the methods used are extremely varied. It is 
of considerable interest to not(i the methods and reasons adoptcnl at the 
different plants, and a final comparison of them will be valuabhi and of 
technical interest. 

Chilean Mills for Fine Crushing.— -From the rolls tlui orc^ is tak(m to 
the storages bins al)ove the Chilean mills, whicli are used for fine crushing. 
The fine-crushing plant (‘.onsists of four 6-ft. Akron Chilean mills. Thrcn^ 
of these are kept in operation aft the time, easily (‘,rushing the r(H|uir(Hl 
amount of 10,0()() tons per month, the third being field in rc^servci and 
ready for use at any time. The mills can eacli crush from 100 to 130 tons 
per day, according to tlie food tliey receive. The ore is fed into them by 
means of revolving-disk ff^eders which may l)e adjusted to any requireni 
capacity. 

The mills are fitted with square wire scrcum having 0.046-in. ape^ture^ 
and 0.054-in. wire. The speed is about 33 r.p.m., and with tins adjust¬ 
ment, using the normal character of ore feed, they (Tush almost exactly 
five tons per hour with an expenditure of 55 hp. With the mill in aveu*- 
age condition the pulp delivered from it has the following approximates 
composition: On 50 mesh, 21%; on 100 mesli, 12%; on 150 mesh, 5%; 
through 150 mesh, 62 per cent. 

The total steel consumed per ton of ore milled, using Midvah; or Lat- 
robe brands, amounts to 0.62 lb. The crushing pressures of tlui mill 
amounts to about 900 11). pe^r sq. in., whie^h is probably somewhat iruToaseul 
by centrifugal force. 
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Concentration a Feature.—From the Chilean mill the pulp is led to the 
Ovoca classifiers, which are double spiral-screw machines designed by- 
Philip Argali. The milling is done in cyanide solution containing J lb. 



KCN per ton, and from that point the ore is constantly in solution. The 
Ovoca classifiers give a sand practically free from slime with from 15 to 
25% moisture, thus performing the operations of separation and sand 


TREATMENT DIAGRAM OP STRATTON’S INDEPENDENCE MIDD. 
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dewatering. The sand is sent to 20 Card concentrators. There are 22 
installed and the pulp is distributed to the tables by means of an auto¬ 
matic distributor which has been perfected in use at this mill. 

The slime from the classifier is thickened in cones and sent to the slime 
concentration department, which is equipped with 13 Deister tables and 
four vanners. The Deister slime concentrator here performs equally as 
good work as the vanners and the maintenance expenses is less than onev 
tenth of that of the vanners. 

From the sand concentrators two products are obtaincKl, a liigh-grade 
concentrate, whi(‘h is shipped direct, and a middling, which is reground 
and reconcentrated. Originally it was designed to treat the concentrates 
on the ground and a roasting plant for that purpose was erected, l)ut it 
was finally decided, on aca'.ount of the character of the concemtrate, whiedi 
is desired by the sme^ltors, to ship it. The concentrate (uin now be con¬ 
sidered as having its gold (H)ntent definitely recovered as tlu^ otlu'r (‘1(^~ 
ments contained pay all its expenses, leaving tlie gold net. linden- such 
circumstances it would not be wise to attempt its local trenitmcmt. 

High Value of Finer Material. —In the (‘ase of tlu^ Ind(‘pend(mc,e orc'iS 
it is invariably triu^ that thc^ finevst material carries th(^ most gold. Tlu^ 
gold occurs mainly in films along the fracture plaruvs or in small cavitie^s, 
the sulphide in tlie l)ody of tlu^ roe^k being of low grades and often worth¬ 
less. It is due to thes(^ basic fa(*.ts that the crushing syst(nn in us(^ was 
devised and followed, it b(ung briefly an attcnnpt to lil)(n‘at(^ the sulpho- 
tellurides to sufficient extent; that they might be removed by (^omamt.ra- 
tion, leaving a sand tailing of low grade that might l)e lightly cyanichnl 
and discarded. 

The slime, containing tlie higher value, is also concentrat(nl as (*.los(dy 
as possible and cyanided carefully by more efficiemt methods. The slinu^ 
tailing has never been rediuaxl as low as the sand. The guides now chosen 
is to keep the sand tailing Ixdow $1 ixt ton in value, making a slinui that, 
runs in the neighborhood of $2 |)er ton after concentration. Tin's coarsen 
sand produces a high-grade (xmc.entratc^, running from five to seven ourn-es 
per ton, a middling which is reground, in turn producing rich conccmtratc^ 
and a proportion of sliirn^ and a tailing of extremely low gold content, as 
has been mentioned. This procedure (mables the comparatively coarse 
crushing to be practised in tlu^ Chilean mills and renders obtainabki a 
crushing cost which would be out of the question w(Te total sliming rcs 
sorted to. 

Sand Leaching.“The sand and slime tailings are both pumpcxl to thc^ 
cyanide plant where a pair of Ovoca classifiers separate them finally, the 
sand being moved by a sp(X‘ial conveyor into the sand-leacdung tanks. 
This conveyor is the usual ^^grasshop])er^' type, a long bar, supported on 
wheeled trucks, having a number of hinged pusher blades working in a 
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trough or launder. The launder is arranged so that openings can be 
made into each tank at several different places. The sand is distributed 
practically automatically, the final leveling of the top of the tank being 
about the only hand labor required. A stream of solution is led into the 
tank along with the sand, which is so free from slime that no trouble with 
channeling or segregation of slime is experienced. 

The sand thus laid into the tanks is treated with i-ib. cyanide solu¬ 
tion for four days and is then sluiced out and run to waste. The sand 
treatment is extremely simple; but since the precious-metal content is 
small, the economical maximum of extraction is reached in this way. 

Bromocyanidation of Slime.—The separated slime from all depart¬ 
ments is led into four continuous thickening tanks, the products being a 
clear overflow and a thick slime which is pumped into a treatment tank 
where it receives a six-hour treatment with |-lb. cyanide solution, and 
afterward a four-hour treatment with bromocyanide in a separate tank. 
The bromocyanide treatment is in accordance with the general practice, 
the solvent being made from the usual ‘^miners salt’^ in the ordinary way. 
The only departure from generally accepted practice is that it is found 
necessary to maintain a comparatively high alkalinity during the treat¬ 
ment, general practice insisting on a neutral solution in most cases. 

The tanks used for agitation are a special design, the features of which 
are a pointed cone bottom and a cylindrical section of little height, a cen¬ 
tral agitation pipe, into which air is admitted at the bottom, and having a 
cone over its outlet, which is in about the middle of the vertical height of 
the tank. The cone is open, with its vertex pointed down and is designed 
to spread the outcoming pulp over the area of the tank. It is simply 
another method of taking advantage of pneumatic agitation, the varia¬ 
tions of which are without number. The accompanying flow sheet shows 
the movement of pulp and solution and the machinery installed. There 
is little novelty in the methods used in cyaniding the concentrate tailing. 

The pulp is fed from a storage tank into a vacuum filter of the station¬ 
ary or Butters type, in which the leaves are fixed and the movement is of 
pulp and solutions. This filter is built after the Cassell design and was 
one of the first of the kind to be used. It shows its early construction, 
but is still doing efficient work. The leaves are made of canvas with a 
filling of cocoa matting, and are stitched with wire instead of the usual 
thread. This is said to preventVipping and'obviate a large portion of the 
usual repair bills. Solutions for precipitation are clarified by passing 
them through a filter press of the plate-and-frame type. 

Precipitation on Zinc Shavings.—Precipitation is in the ordinary man¬ 
ner by the use of zinc shavings. There is little difficulty with the opera¬ 
tion. The barren solution produced is used first on the concentration 
tables as wash. The precipitate is not melted or refined at the plant, it 
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having been proved more economical to ship it to smelters for final treat¬ 
ment. The precipitate is thoroughly dried, sampled and sealed up in cans 
for shipment. The fact that precipitate of this class can bo shij)pod at a 
less cost than treating it on the ground is worthy of comment, for it is 
generally considered better practice to handle it at the plant, where there 
is less chance for loss due to differences of sampling, to say nothing of 
transportation charges. This matter ought to be investigated, particu¬ 
larly by plants situated conveniently to smelting installations, as I l)e- 
lieve that generally no investigations are seriously mad(', it Ixnng takem 
for granted that treatment on the ground is cheaper. 

Extraction and Consumption of Material. —Tlu^ extiauvtion totals 
71.5% of the content, of which 43.65% is obtained by concemtration and 
27.85% by cyanidation. The consumption of (^lunnicals is about 0.45 lb. 
of NaCN per ton, 0.3 lb. of ziiui, 2 2 lb. lime and 0.4 II). of tlie brorniru^ 
salt. The mill consumes al)out 320 lip. and employs 35 rruvn rx^gularly in 
the operations. The (*.osts arc^ moderate for the mc^thod followed and arc^ 
shown in the acaaimpanying table, 

DISCUSSION 

The Shipment of Cyanide Precipitate. —In tlu^ Joiiiinal of E(‘b. 8, 
1913, Mr. Mc^graw comirumts on the shipment of cyanid(‘ pr(‘cipitate to 
smelters as Ixung (‘.lieapcT tlian hoim^ treatment, and advisees other |)lants 
to investigates the matter. Howevesr, Ins sesems to states thes vital eibjesc- 
tion to it in the same i)aragrapli, ^'the chance eif leiss elues i.e) eliffeTexiexs in 
sampling.^' 

I have seen this thing trieel out wheres I knesw that evesry c‘ITort was 
being maele to give the shipper a sepiares ele^al, and as a eshesck, thes shippe^r’s 
material was treatesel l)y itsedf, as far as producing bulliein and byproelucts 
went. Tfie bullion alone esarriexl meire metal than thes assays she) wesd in the‘ 
original prescipitate, while tliesres was a wholes string of mcstallifen-ous by¬ 
products still to be hesarel from. 

Of course tins balances might 1)0 in favor of thes ship|)esr, I rexnenubea* 
hearing that e)nes of the elifficultiess of the eilel Sesattles Hmeslting & lie^fining 
Co. was dues to erroneous sampling on exceedingly high-graeies mat(‘rial, 
giving the shippers mores than was coming to thesm, but usually the^ 
sampler will err, althe)ugh |)(srhaps unconsciously, on his own side^. 

Consielesring thes tsxpense of tight coopering or flagging, fresight, thes 
danger of tlusft in transit, and errors in samxiling anei assaying, it sexsms 
that a plant shipping cyanide precipitate, silver sulpliieless, or like matesrial, 
is taking a long chance. 

K. T. Whekleu. 

Pittsburgh, Penn., Fed). 10, 1913. 
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In the Journal of F(‘l). 8^ 1018, Mr. in fas (‘X(‘(‘ll(‘nt article 

upon ^^Cyanidatiou at Cripph^ CnaJv,” r(9(*rs to t h(^ prac'ticc' pursued at 
the Independence mill of sliipi)inp: tin* [)n‘eipi(at(‘ to snH‘lt(‘rs, saying: 
“The fact that pr(‘t‘ipitat(‘ of this class cam he* shippeal at a cost h^ss than 
that for treating it upon tli(‘ ground is worthy oi c*omnu‘nt, for it is gen¬ 
erally considc'nal better prucdicc^ to handh* it at t 1 h‘ plant whcaa^ the chance 
of loss, diK^ to dilTcaamcc^s in sampling, is h‘ss, to say nchhing of transporta¬ 
tion charges. This inattcu’ ought to 1 m‘ invcsstigatcsl, particularly by 
plants situated couvcmicmtly by srnedting installations, as I bcTuwe that 
generally no invesstiga-tions ar<‘ sc^riously madca it b(‘ing takmi for granted 
that treatment on th<‘ ground is cdnaipca-.*' 

In commenting upon this fcaiturc* cjf Mr. Megraw’s article, Mr. 
Wheeler, in the JotfUNAL of F<J>. lo, 1918, doulRs the* wischmi of this 
course for various rcaisons, alt hotigh he givt‘s no dediuite* figurc^s to support 
his opinion. Surely so (‘xpcs’icmcaat an c»p*‘J’‘dor as Mr. Argali is not 
shipping his prcH’ipitatca in prefenmea^ to locml reduction, without good 
reason. The fact that this platii is situated convcufnmt to snu'ltcTicvs, and 
that gold pre(‘ipitatc‘ is i>roduci‘d, may have* its iut!ucmc<‘. In gcmcral, 
sinc^ltcTS do not I)uy this matcTinl upon tin* n*sult cjf c‘orr«‘(*l<‘d assays, and, 
as it is a well known fact that tin* |H*n‘i*ntag<* <»r c<»rr(*(*tion upcin tin* assay 
of a produ(‘t carrying largc*ly gold is not so great us upcm oin* in which sil¬ 
ver pred()minat(‘s, it will be* n*Hclily st*c*n that the ditTcrence* in favor of the 
smcJter, arising from this (‘uusc*, wcudd no! be so gr<*nt us in tin* latter case. 

The transportation probh*iu is u sc*rtous one and, pc‘rhaps, Is at its 
worst when long distance’s have* to la* cacvcTist by mule* buc*k or ox cart and 
steuncT. I have* H(‘(»n various methods of pnc'king trie**!, suc*li as sucking 
in canvas and burla|), papc*r sacks inside of c’uiivas predesded by burlap, 
boxing, etc., but the only saiisfnc’tory nn*tlnHi is to piu’k it in hermc’tically 
scuih’d tin cans |)rotectc*d by wtHuleii cases, A sutisfHC'tory c*ontain(‘r for 
this purpose* can be* r(*adily oldained at any c-yantdc* plant l^y carefully 
opening and prc*sc*rving the findined wood east*s in which tin* cyanide iH 
re’ceivcal ddiese Hliould be washed and dried, I1ie pree’ipitab* is thcai 
placed in tln*m, the tin emver soldered on, and the wood tup securely 
fastenc’d hy nails or Hi*rc*ws. A binding of light strap irem grcaitly 
strengthens tin* paekagr* and is destrabh* if it to go any disf.anee. 

('y^mide* opera!ems weadd welianne csnnparative figure’s from Mr. 
Argali, showing the advantage of shipping precipitate iiiHlead of bullion, 
Various plants, with whicli I have* hia*n eoiuieeteil in the past, have 
shipped preeipitatf* ami theet have* later installed iiieltiiig furnace’s and 
shippc’d bullion. In every case if was felt that there was a distinct advan¬ 
tages, although no liec’urate caiitiparisons were iiiade, in favor of producing 
bullion, and in no ease did any of these pliints refurii to shipeping preedpi- 
tate aft<*r fiavifu? finf*!* 
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A number of years ago I had an opportunity of making a thorough and 
fair comparison between the relative merits of shipping precipitate and 
the production and shipping of bullion, when Charles Butters requested 
me to go to Virginia City, Nev., and thoroughly investigate tliis feature 
of their practice. At this time the Virginia City plant was treating a 
considerable tonnage of Tonopah ore and old Ck)mstock tailing. Both 
electrical and jzinc precipitation were in use and tlie precdpitate resulting 
from the two methods was quite different in character. The electrically 
precipitated material was high in lime and copper and also contained 
some lead. The zinc-box precipitate was similar to tliat produced in 
plants employing that method of precipitation wlnm treating a silver-gold 
ore, except that it was not quite so high grades as that produxaHl l)y })resent~ 
day practice. The precipitate from the electric boxes formed the bulk of 
the product. Both classes of precipitate contained mercury and it 
was the practice to retort for its rxKiovery until tlie Cornstocik tailing, 
which was its source, finally bex^ame exhausted, when rx'torting was 
discontinued. 

From the beginning of operations at this plant it liad l)e(vn the pra(d/i(^e 
to ship the precipitate, and this was continued long after tlu' othcT Buttxvrs 
plants had found it to their advantage to slhp bullion. It was gxuK^rally 
supposed, owing to the refractory nature of the precupitate, and its low 
gold and silver content, that there was every adva,ntag(^ in favor of ship¬ 
ping precipitate rather than bullion. 

I have no reason to doubt the accuracy of the sampling and assaying 
of the smelters to whom the precipitate was usually shipp(‘d, as tluar 
results generally agreed with the independent sampling and assaying at 
the mill; but, of course, it is to be understood that neitluu' ])arty madxi 
corrected assays. It will, therefore, be seen that tlie faxd/or of (healing 
with an unscrupulous smelter docs not necessarily entx^r into the case in 
hand. 

For the purpose of experimentation there was erexited, undxT my direc;- 
tion, a single stationary pot furnace anxl a small cupeling furnaxje. It was 
planned to carry on experiments to xletermine the rx^lative axlvantagx^s of 
fluxing and melting xiirectly in graphite crucibles, produxving a bullion 
containing most of the copper; and melting in tlie cupel furnace with 
litharge and other fluxes, running off the slag and cupeling the lead, tlms 
producing a high-grade bullion. A number of experiments wc^re carricul 
out along both lines and it was finally decided that it woulxl be more 
advantageous to adopt the method of melting in pots. 

The results obtained with the cupel furnace all showed a substantial 
gain over shipping, but as the pot method was the one finally adoptexl it 
will suffice to give comparative figures for that method anxi shipping. 
For that purpose I will give the results of two experiments made upon two 
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samples taken from tlu' pr(‘eipila<(‘ eomprisin^ (wo s<‘para({‘ and distinct 
shipments to the snu'Ilnr, 

These lar^{‘ sanipl(‘s \V(‘r(‘ takcm ai (lie tirru* that tlu^ pOMopitate was 
being; samphal for assay prior to shipnumt. Mv(*ry pnaaudion was taken 
to have tluan truly r(‘pr(‘S(aitativ(‘ of tla^ mass of (h(‘ niat(‘rial ship|)(Hl and 
in my opinion th(\v vv(‘r(‘ ('vam inon' r(‘pr(‘s<mtat ive of ((h‘ wlioh^ mass than 
the small sampl(‘s iakcm imh'ptuuhmtly at the mil! and srmdttTv for assay 
Assays upon tlu'sc^ ind(‘p(‘nd(mt samph‘s g:(merally eluadvcal elos(dv. 

In th(' first shipnumt th(‘ fim^ oune<‘s of sihau* and g;old raailizcal by 
smelting- 4()0 II), of pna'ipitatt* and mark(ding bullion wnn* 2d()2.()0 and 
40.3595, resp(‘eiiv(‘ly. Tin* fim* oun(‘<‘s in KHI lb. of pn^eipitatn, as shown 
by the assays a,t tln^ snudtcuw ami mill, and upon which basis t h(‘ lot of 
preeipitab' was sold, 2250.01 of silver and 39 , K57 of gold. 'Phe gain 
in favor of shipping bullion was, sihuT, 52.59 tine oune<‘s; gold, 0.5025 
fin(' oune(‘. 


COMIhVUATlVK (’OST ()K SIltPIMXtJ UU) Idi. OK VHKi'WirvVh' \\1) 
IdiODlKdXt; AXI) SHUddXt; THH lit bldox KPOM too* pii' Op 

IdiKOlKl'KATK 


Sjunpling and prei>ariu^ f«»r slnpineal 

Dray age. 

Kxpr(‘HH. 

Sampling at snielUa’y 
Treatnuait eharg<‘.N 
i)(ulueti(»n.s, gohl, 

I)(‘diie(ioaH, silvtav 

Total e(»st of shipping IfU) lb. proidpitate 
of melting at S0.0K por m, lion* bullitm 
(•anvas on bars, tUc* 

I)ra.vag(‘ 

.Kxpr(‘HH. 

Ihdining eiiarge."^. 

Total eoHt of melting Itin Ih preeipiUifo and j^ldppiag 
as hiillion. 


$2, H) 
0 on 
15 01 
I 15 
22,55 
It) id 
25 Sit 

SHI.85 

832 55 
tt 30 
(} tK 
U 80 
33 38 


878.57 


Not iimourit realized sliii)i)iiijr i.ulliiiit vva.'. .S'dOT I.IU, niul timt realized 
Hhipping ,,reeii)itate wan S2f)2(;.,SH. a .lilTeretiee ii, fnv.ir <d’ Hhii)t)in(r 
bullion of $d7. Hi, 

Thw would aiuount to a huvIuk of .’a;(),))2(l7!t per flue uz. of dore bullion 
(flue ouiKU's {j;old ()1uh fine oiiuee.^ .silver). 

In the second shi[itnent the fine oiinee.s ..f ...ilver jtJid ko 1<1 realized by 
mcdting .‘iOO lb. of preeipitale ninJ marketing biilli«ni were I2SI7.7I oz. 
silver, and 21..'5:f2 oz. (iiohl re.-^pia-fively. 'I'he fine onnee.'.i in 200 lb. of 

1 /'pi fttttninJi I t. « ...I it... . i i* . . > . < . . , 
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precipitate, as shown by the assays at the smeltery and mill, and upon 
which basis the lot of precipitate was sold, were of silver, 123().94 and of 
gold, 21.61. The gain in favor of shipping bullion was 33.77 oz. of silver 
and 0.078 oz. of gold, 

COMPARATIVE COST OP SlllPPlNO 300 LB. OP PRIOCUPITATP AND 
PRODUCING AND SHIPPING THE BULLION PROM 300 LB. OP 

PRECriirUPATE 


Sampling and preparing for shipment. $1.41 

Dr ay age. 0.3t) 

Express. 11.14 

Sampling at smeltery. 0 . cSO 

Treatment charges. 12, S3 

Deductions, gold. 9.OS 

Deductions, silver.. . 14.()() 

Total cost of Hlup|>ing 300 lb. precipitate. $50.2S 


Cost of molting at <$0.01 per oz. doiA bullion. $12.11 

Canvas on bars, etc. 0.10 

Dfayage. 0.17 

Express. 5.19 

Refining charges.12.51 

Total cost of melting 300 lb. precipitate and 8l)ipi)ing 

as bullion. $30.OS 


The net amount realiz(‘d when shipping bullion was <$11(>7.66, a,nd tli(‘ 
net amount realizcul wlum shipping pre(dpitat(^ was <$1129.49, a diflercuKU' 
in favor of shipping bullion of $38.17. This would amount to a saving of 
$0.02969 p(rr finc^ oz. of dor6 bullion. 

The saving for four consecutive^ mouths, wluui ttu^ shipmeviits of (lord 
bullion amounted to ovct 50,000 oz. per month, was in July, $1090.52; 
August, $1056.21; S(‘pt(unb(T, $1178.67; Octolxu*, $1003.61; a total of 
<$4329 saving for tiu^ four months. 

Although tile (‘,ost of melting (Ic. p(^r ounccO was unusually liigli at this 
plant, due to the refracdory nature of the precipitate^, tlie saving in favor of 
local melting and the shipping of bullion is appareuit. I have^ obtained 
costs of melting as low as O.le^ per ounea‘ in (Umtral Amcrieai, and others 
have done much better than this where a large volume of high-grade^ silvea- 
precipitate was melted under the most favoralile conditions. 

Within certain limits the treatment charge upon bullion is usually 
based upon a flat rate peir gross ounce, so that while apparemtly the^ rate 
is no higher upon bullion containing considerable base material, as a 
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matter of fact as the amount of bust* inaterial^ imuHsascs, ihv r:iit‘ per jSne 
ounce of dor6 also increases in din'vi ])roi)oriioii to th(‘ increase of base. 
To illustrate how this niiglit aHVet the saving due to melting, 1 have cab 
ciliated the saving which would have* n‘sult(*d if bullion 950 fiiu^ had been 
shipped instead of the base copp<u' bullion Irom tlu^ plaiit in (iuestion. 
During the four months meiition(*il, tlu' saving in July would have been 
$1557.3(b that in August $1508,40, in S(‘pimnbt‘r $1085.24, and in Oc¬ 
tober $1433.25, It will, theri'fore, bt‘ scam that where a iiigh-grade pre¬ 
cipitate is produced whicJi (;an be eonvertiMl into eomparat<iv(‘ly high-grade 
bullion at a low cost, the saving by lomil imdting in a larg(‘ plant is greater 
than that indicuited by the figuri's which I hav<^ givmi. 

The saving indicated in this ease is plainly dm^ to t wo eaus(\s: First, 
that the ordinary cyanide plant (^un aidunlly convert silver-gold precipi¬ 
tate into bullion chea|)er than ih<* charge made by the smelters for this 
service; second, that with local meeting and the proper t reatnumt of the 
byproducts, more bullion is n^alii'^Ml than thai imlieated l\v the ordinary 
uncorrected assays. 

It is only fair to say that tlu'sc* comparisons wtu’c made a munher of 
years ago and that tln^ rates of trcnatnnmt for pre<‘ipitatf* and bullion taken 
arc those obtaining at that tirma 

i\, IL (hawiwmm, 

Palo Alto, (^alif., Mar. lb, 1915. 


In the discussion regarding the shipimait td cyanide precipitate, I 
would like to direct atbuition to om* reason whiidi may aeraamt, in some 
cases, for low results when shipping bars. This is the shipmtmt of imper¬ 
fectly ndined bars, winch yield such erratic assay resuliH that the pur¬ 
chaser must n(‘C(‘HsariIy put a low valuation on tltein for his mm protec- 
tiom In the annual n^port of the liritish *Mint ha* !H9b, HcJitTis-Austen 
describes a cyanidt^ bar weighing 595 w hieli was |aiid for at £965. 
This bar was refined l^y itself and yifJded gold worth £1028. The 
shipper of the liar lost £05 or over S5CM), After p^aying for ila^ refining, 
such a loss might easily !>«» fatal to shiprmmt of hnrs as against precipitate 
in a comparison of ca)Hta. 

In the JooEMAn for Apr. 15, 1!II2,1 hHVf*givenii t at ile of erratic assays. 
of cyanide bars from tfa* Merenr mints It wtaild fa* a hie/.ardtitis under¬ 
taking to dtdermiru! from th<*Hf‘ asmiys just how mtieh gold these bars 
contained. Home hullion depoHit<*d hy tin* Aleretir mine just hedore 
closing down was better refimal am! higher grade. Hamples from three 
bars of thc^se later Hhipmeiits wen* assayeil in duplicate in three labora¬ 
tories with the following rimults: 
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I 1st Bar gold 2d Bar gold 3d Bar gold 

1st Laboratory. 920.1 fine 910.3 fine 884.2 fine 

i .2 fine .7 fine .5 fine 

2d Laboratory. I 920.8 fine 916.8 fine 884.5 fine 

I .8 fine .5 fine 885. fine 

3d Laboratory. j 920.1 fine 910.5 fine 884.0 fine 

I .3 fine .0 fine .3 fine 


These results show a vast improvement over the former assays of 
Mercur bars. 

Frederic P. Dewey, 
Assayer, Mint Burc^au. 

Washington, D. C., Apr. 28, 1913. 
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CONTINUOUS DECANTATION OF SLIME 

The advc^nt of a lU'W pro(‘ess is liot regartlt'd with (‘xeitiiiaait in the 
metallurgical world. Too many of tluun liuv<‘ apprar<*(h led a struggling 
existence for a f('W months, or longca* in some east's, and tlam disappeared 
without leaving many ri[)pl(‘s in tin* pla(*es where they existod. Dt'velop- 
mcmt of existing and provanl jjrotu'sst's, lunvvver, is rc'gaiahal with interest, 
and as each stt^p in ntlvama* provt's its worth it is imau’poratt'd into the 
system of approvtal and satisfactory nndhods. 

In the days when the thaaintation method af tn*atiag slinu' was the 
only on(‘ known, optaaitors made staaous otTorts in itnprovt* it , partitnilarly 



oiatiH %ni.i,, oianit, t urn. 


to find som<‘ way of avoi<iing t-lie losst*s whitdi iaanirred in discharging 
residues containing moisture eharge<l with lioth c'yanide and valuable 
metal in dissolvcal form. The necessity for improv'ement brought forth 
the slime filb'rs, and for a long time experitnenlH in decantation were 
disc^ontiniual. Afbu many years of filtering, however, the suspicion 
remains that tfa* dcaainiaiitm process might be iin|»rove«t so as to c'can|)cde 
with filtration, the <‘ost of operiition and maintenitni'e tif existing filtering 
apparatus going far toward strengthening that suspiriom It may la* said 

m 
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that the cost of slime filtration varies from 10c. to maximum figures which 
would be regarded with suspicion were I to mention them. Including 
cost of operation^ maintenance and loss in dissolved metal, the minimum 
figure above mentioned is extixnnely low and I doul)t whether there are 
any number of plants in existence attaining it. It will be seen that tliere 
is, then, an opportunity for improvement, for if any procedures can suc¬ 
cessfully reduce these costs or losses, or eveni ('(pial tlunn without the use 
of complicated and exjxmsive^ ma(*hin(Ty, it will stand a good (‘hance for 
approval and siua^ess. 

Development of Proposed System.—Lately some, progress has been 
made toward developing a process of continuous dc'cantation, whi(‘.h is 
nothing new, but a d(weloj)m(mt of the methods used before^ the filters 
came into use. In the old intermittent decantation j)ro(a\ss th(^ slinu^ 
after being agitated witli a quantity of solution was allow(‘(l to settle, the 
solution decanted off and a new bath of solution put on. This was in 
turn agitated, allowed to settle and again d(‘(uint(Hl, ihe process being 
carried on as ixiany tim(\s as was thouglit ne(‘essary. Idle (dfi(*i(‘n(‘.y of 
fresh solution washes was r(K‘ognized, |)arti(nilarly wlnm this solution was 
barren or freshly made up or r(^g(HU‘rated, but tht\ difficailty with this 
system was tlie enormous quantities of solution to b(' liandhal in addition 
to the impossibility of rculucing tlie moistures (*,ont(‘nt of th(‘ final pul]) to 
such a point that too much dissolved mental and valuable (‘yanid(‘- should 
not be thrown away. This n(‘W develoimumt attemjits to a(‘.(‘.omplish a 
solution of both diffixailties by means of a continuous-dccuintation and 
thickening process using solutions flowing opposites to tlu^ (uiursc^ of th(' 
pulp. The facd that this method has scuuned feasilile to a number of 
competent metallurgists and is actually in operation in a numlx'r of in¬ 
stances makes it worthy of attemtion and in this pa])('r two such ])lants 
will be described. 

Milling in Cyanide Solution.—Th(‘ plants in qiu'stion arc^ the mills of 
the Ophir Gold Mines, Milling & Power (h)., at Ophir, Han Migued (Uiunty, 
Colorado, and of the Blue Flag Gold Mining (h)., in thc^ (hippie thxxVk 
district. Both are of re(‘.ent construction, and while operations have not 
been carried on long enough to provide satisfactory dc^tails of cost and 
maintenance, the metallurgy has shown sufficient promise of succc^ss to 
warrant consideration. 

The Ophir mill crushes ore with stamps, the installation including 20 
of 850 lb. each with O-in. drop and 104 drops per min. From tlie stamps 
the pulp goes to a Dorr classifier, where the slime is pass(Hl to a Dorr Thick¬ 
ener and the sand reground in a Hardingo mill, from which it is pumpeni 
back to the classifier, the circuit being closed and only solids of sufficient 
'fineness reaching the thickener. 

A point of interest is that the overflow solution from the first thickener 
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is the only one pnMupiinttMl. It is [>ass(‘<l ihrtnigli a (‘larih<T aiul precipi¬ 
tated with zinc dust. Thc^ t hickiuied pulp is pa.ss(‘d to two agitation tanks 
of the Dorr to^pCj through whic*h it passt‘s in serit‘s and wlnu'e it is calcu¬ 
lated that the extraction is practicaally (*oniph‘tt‘d. la^aving the agitators 
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the pulp is delivenal to the first of a series of four thickenerSi through 
which it passes witli suecessivci dilutions until it is finally discharged from 
the last one, washed practicallv free of ffohl in uuhithm. * 
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The overflow solution from the first of these thickeners is returned to 
the mill solution tank, where it is used in milling and classifying, the 
result being a concentrated solution for precipitation. The barren 
solution from precipitation goes to dilute the inflow into the second 
thickener, the overflow from which goes back into the first. The accom¬ 
panying flow sheet shows the movement of pulp and solution throughout 
the mill. It will be noted that water is taken into circulation at the 
end of the washing period, the logical point of entry for it, and prac¬ 
tically replaces the solution which comes with the solids to that point. 

Progress of Solutions. —It will also be noticed that the progress of 
solutions is contrary to the direction of pulp flow, the solutions being 
constantly enriched. The figures given in the flow sheet are based on ore 
carrying $5 in gold and the contents of solutions are given in pounds of 
KCN and lime. The calculations of thickening are based on withdrawing 
a pulp from each thickener which consists of half solids and half solution. 
This is accomplished in practice, in fact a slightly thicker pulp can be ob¬ 
tained, thus increasing the efficien(‘,y of the process. It has been in opera¬ 
tion only a short time but the results obtained have been in complete 
accordance with the figures shown. It will be seem that the installation is 
simple and inexpensive, may be operated by a minimum amount of labor 
and accomplishes a washing of pulp and removal of dissolved metals that 
is, to say the least, comparable with good filtration work. 

The lime in this mill is added at the bins and goes through the circula¬ 
tion with the pulp. The consumption amounts to about 0.9 lb. per ton 
of ore. The value of the process depends a great deal on using solutions 
of low cyanide content and the existence of a plentiful water supply, which 
conditions are satisfactorily met in this case. The flow she(^t shows all 
the details of the process and apparatus and no further explanation is 
needed. 

The Cripple Creek Installation.—'Idie Blue Flag mill is situated be¬ 
tween Cripple Creek and Victor in Colorado. The ore averages between 
$5 and $6 and is to a great extent from the dumps. The coarse ore is 
dumped on to a steel conveying and pi(iking belt whc^rc^ a portion of the 
barren rock is removed. From the picking belt it is passed througlna 
12 X 18-in. Do(lge crusher and through a Symons disk crusher from which 
it emerges reduced to about f-in. cubes. The finely crushed ore is then 
delivered to a special form of Chilean mill which consists of a concave die 
ring 7 ft. in diameter, over which convex rollers pass. The rollers are 
small, weighing only 700 to 800 lb. each. The mill makes 36 r.p.m. and 
grinds the ore, in cyanide solution of IJ per ton strength, through a 30- 
mesh screen. Solution used at the rate of about five to one. 

The pulp as it comes from the mills is delivered to the series of agi¬ 
tating tanks through which it passes continuously. These tanks are 14 
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ft. diameter and 16 ft. deep having cone bottoms at an angle of 55 °. The 
agitation is pneumatic, elevating the pulp through a central tube. 

This point in the process is open to criticism, as the pulp from the 
mills is in too coarse condition for economical agitation, to say nothing 
of the metallurgy of it. If it is true that finer crushing is not necessary, 
then it would seem reasonable to separate the coarse portion of the solids 
and treat it separately by some more economical means. The pulp under¬ 
going agitation has the following approximate grading analysis: On 30 
mesh, 0 to 0.5%; on 40 mesh, 4 to 9%; on 60 mesh, 22 to 24%; on 80 
mesh, 35 to 36%; on 120 mesh, 58 to 60% and through 120 mesh, 40 to 
42%. The grading statement is cumulative. Pulp of this class requires 
excessive power to keep it in circulation. 



DIAGRAM OF CONTINUOUS COUNTER-CURRENT DECANTATION AT BLUE FLAG MILL. 

Continuous Washing. —The pulp is in circulation through the agita¬ 
tion tanks for about nine hours and the extraction in them amounts to 
about 70%. In considering the extraction results it must be remem¬ 
bered that this is on the refractory ore of the Cripple Creek district. 
The cyanide consumed in the process is about 0.35 lb. of which 0.15 lb. 
is mechanical loss. Lime is added to the ore bins and progresses with the 
pulp, the consumption being about 21 - lb. per ton milled. 

The pulp from the agitators is taken to a series of four thickeners and 
is washed through them after the manner described in the Ophir mill. 
The accompanying diagram shows the flow of pulp and solutions through 
them. In the case of the Blue Flag mill, also, it has been found possible 
to secure a thickened pulp containing less than 50% moisture. In this 
instance, also, it has been found that the calculations, based on 50% 
thickening, are borne out in practice. 

Other Combinations. —It should be remembered that this development 
is not recommended to cure all the ills that cyaniders are heir to, but 
is a progression along conservative lines and one that should eventually 
lead to a fixed system available in cases where the character of the ore 
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will bear such treatment and where other local conditions are favorable. 
It is a system which, while not yet perfected, will be well worth following. 
It is easy to see that other combinations are possible, such as using a 
greater number of thickeners, of this type or any other satisfactory one, 
and by precipitating two or more different solutions. The two installa¬ 
tions mentioned are not by any means the only ones using it. They may 
not even be the ones where it is most advanced, the idea in presenting the 
matter being principally to draw attention to the fact that there is a- 
system in course of development which may possil)ly lead to decided 
economies in the cases of ores to which it is applical)l('. 



(’IIAPTKR X 

PRACTICE AT TONOPAH 


The Tonopuh clistru*!. otTi'rn U> (1h‘ studt^nt of t^ontvmporary metal¬ 
lurgy what is probably th(‘ most iui(*r(‘st ing (h'uioustrat iou of the effieioacy 
of the cyanide proct^ss applusl to silv<‘r ortss. This is not to sa^^ that the 
general xnctiiods in us(‘ an‘ originab as th<*y an* not, hut t-ln* a{)plieation 
of these methods has b(*(*u attinasl to tin* n‘<|uin‘nu*nts of the particular 
ores to be treated and tla* problems have b(*en atta(‘k(»d and solved with 
praise worthy eonsi‘rvativ(* judgment. It is Imth intc*resting and note¬ 
worthy that in all tlu^ Toncjpah distriet then* is not om* idle re<luction. 
plant, nor one which has b(‘C‘n dc*sigiu‘d by a tyro to in<*lude (exaggerated 
ideas or 'd>(‘aks,” All tin* plants (‘onform to standard praeti(‘e, are 
built aft(*r tri(*d and prov(*d plans ami (*mb(Hiy only sm*It variations as 
have seemed b(*st adapt (*d to can* for t in* ehara(‘tt*risti(‘s of tlu^ locail ores. 

It is also n()t(*worth.v that th(*n' is not a mill in dhmopah which has not 
paid for itsedf out of protils won from thi* ores of tin* mim* it was (l(\sign(Hl 
to treat, the only (*xe(*pti(m at t he* pn*s<*nt titm* lading one, or possildy two, 
of the most recamtly Iniilt mills whitdi hart* md yi*t had time to ae(*omplish 
this feat, but whieli will, wittuaitnuy t|U(*stitm, <*oin|d(*te tlie reciuiremcmts 
within a few months. Possibly tin* most noimvmihy avc*ompHHlmiient of 
this kind is tliat of the \V(*Ht Had mill, which n*furned Huffunent profit 
within seven months to pay for tin* installation. It is tola* reimunhered 
that this is an old mill, n*lniilt twiet* befon* rvaehing its pr(*s(*nt condition, 
but still p(*rforming admirabh* work at a cost whitdi is (*omparal)le with 
that attained l)y tlu* murc^ r(*e(*nt piniits. 

The Ores of Tonopah. 'Pin* geology ami <diaraeti*r of the* Tonopah 
ores have been suinc’i(*ntly deserilM^tl in tht* teehnit'id prt*sH from time to 
time and it will In* suflif*ii*iit to etmsiih^r them here <mly in relation to 
their attitude toward eyanidation. 'Fhey may be said to !h* of medium 
hardness and crush without any great- amount ttf tnuddi*. I'liis statement 
is madc^ not so much in (‘(UisidiTing the or«’S as a single pr(iblern, hut m 
comparing tlnan with tin* rock treater! in ilit* eyanith* plaiits of other 
diatrieds. For instance, it might be said (hat (tie Toiiopah ores are some¬ 
what harder than that of the Ponmpine district, wtiteh difT(*r essentially, 
of course, in charaetc*r, and not m hard a-s maiiy of fltosi* of tlie Cobalt 
distriet. Tlicy arc per!ia|>sabout ec|ual to most of the ores nf tin* Po2;oBdi8- 
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districts of Mexico. They may, briefly, be said to be medium ores as 
far as resistance to fine reduction is concerned. 

There are under treatment, as is usual in districts as comparatively 
recent as Tonopah, both oxidized and sulphide ores. The oxidized ores 
have not presented any great difficulties of metallurgy, but the sulphides 
have, in many cases, presented a complexity of nature which is not so 
simply handled. Reference to the current descriptions of these ores will 
show their character, but it is probably not superfluous to call attention 
to the fact that in some of the high-grade sulphide ores mercury has b(^en 
found in small quantities. I have seen a specimen of sulphide ore which 
shows a quantity of cinnabar. These sulphides are not always simply 
treated and in some cases, as will be noted, it was found advisal)le to 
remove them by concentration before proceeding to the cyanidation of 
the bulk of the ore. 

The mill of the West End Consolidated Mining Co, is situated at tiui 
southeast edge of the town of Tonopah. At the mine shaft the or(^ is 
crushed to break up all large boulders. The ore is brought to the mill in 
auto trucks and delivered into a bin, from whicdi it passc's through a 
10 X20-in. Blake crusher. A buck(^t elevator delivers the cruslKul or(i 
into a 32 X 72-in, trommel with 1-in. apertures, the oversize going to a 
No. 3 Kennedy crusher. The crusher product joins the undersize from 
the trommel and is carried by a belt conveyor with 14° incline', 14~in. 
belt, to the 200-ton battery bin. 

Stamp Installation.— There are 10 stamps of 1200 lb. ami 10 of 1300 
lb., fed by means of suspended Challenge feeders. The stamps drop 
through 6| in. 101 times per minute. The stamp duty at presemt is 
about 7.5 tons per day per stamp. 

From the stamps the pulp is fed into two Dorr (dassifiers, which delivc'r 
into two 5X18-ft. tube mills. The classifiers are placed (dose in front of 
the batteries, and the tube mills are ranged with tludr long axes ])arallel 
to the batteries, the discharge end of one of them fronting the fecnl emd 
of the other. This has been done with the idea of occupying the h'ast 
possible space in the direction of the mill fall. As the mill is a recon¬ 
structed one, having formerly been the first amalgamating mill in thc^ 
district, a free hand in designing the arrangement was not obtainal)l(% 
but the advantages have been well handled and the arratigcmumt is 
such as to permit economical handling of the material. 

Tube-Mill Linings.— It will be noticed that the tube mills in use are of 
large diameter and short length. It seems that this type is meeting with 
almost universal approval from metallurgists of the present day, the con¬ 
clusion being that in the former long mills there was a great deal of spa(‘.e 
at the discharge end which did not perform any useful work. Tlie change 
toward larger diameters and less length has resulted in an increased pro- 




WEST E-K0 mnmMBATBD MILi, TOXOPAH. XE\^ 













PRACTICE AT TONOPAH 


105 


duction of slime at a power consumption, per ton of ore, equal to or less 
than with the long tubes. There is an added advantage in the smaller 
floor space occupied. 

At the West End mill the linings used in the tube mills are of tlie 
smooth, cast-iron type, as hard as they can be made. The operatorKS 
claim that with this lining the power consumption is less than when sil(‘x 
is used or any of the ribbed types and that the output is satisfactory in 
quantity and character. In this point the investigator has to face a 
peculiar problem which seems to have no direct solution. Smooth linings 
for tube mills were used in the days long ago and were discarded in most 
places for silex or the ribbed types, where the w('.ar does not come dircu^tly 
upon the lining, or at any rate, is not supposed to do so. Yet w(^ luivo 
here a recurrence to the older type, with the claim of better results. This 
circumstance would not be so strange if the operators in the district 
working upon the same character of ore were in accord, but they ar(^ not. 
The Belmont mill has made tests using silex in comi)etition with smootli 
linings and giving preference to the silex. Tests have also been mack) at 
the West End mill, and the result is said to be in favor of the smootli 
lining. 

In cases of this kind no definite conclusions can be drawn at the 
present time, the only recourse being to await dcvelopmcmts, it Ixung 
more than probable than the operators in the district will (wcmtually 
agree upon the most effective form. It is noteworthy that both tiui 
smooth cast-iron linings and the silex linings were tried out in Mexico 
years ago and discarded in favor of ribbed linings. The Komata form 
was tested here, but the increased power required, together with its 
high cost, have prevented its use. At the Goldfield Consolidated mill, 
however, these linings are in use and it is stated that they are the most 
economical and effective ever tried. It is true that there is an increase 
in the power required to drive the mill, but the increased inoduction 
more than compensates for the additional power used. 

When the West End plant was first started both of the tube mills werc^ 
moved by a 100-hp. motor and the pebble charge was carried at or slightly 
below the center of the mill. The power was ample with tliis arrange¬ 
ment. With the desire to increase capacity, experiments were made with 
the object of securing greater capacity by increasing the charge of pebbles 
in the tube mills. It was soon found that the power was insufficient, but 
as a result of many tests; the 100-hp. motor formerly driving the two mills 
was replaced by a 150-hp. motor and the pebble charge carried six inches 
above the mill center. 

Solely by this change the capacity of the plant was increased from 100 
to 150 tons per day, the increased work performed by the tube mills 
allowing a coarser screen to be used on the batteries. The actual power 



106 


DETAILS OF CYANIDE PRACTICE 


taken by the two mills is from 120 to 125 hp. This result is noteworthy? 
and has the effect of rendering the use of the counter-spiral discharge un¬ 
suitable for a mill of the kind, as the high pebble charge is likely to force 
out some of the pebbles through the discharge end. A grating is usually 
used in mills of the kind, which, of course, precludes the feeding of pebbles 
at the discharge end. Experiments with tube mills of large diameter and 
varying pebble charges ought to be productive of interesting results. 

Concentrating the Slime.—The tube-mill product is returned to the 
classifiers by means of a bucket elevator and the slime from the classifiers 
is taken to the concentrating department of the mill which is of recent in¬ 
stallation. The slime is led to four 8-ft. Callow thickening cones, the 
thickened slime being concentrated on 12 Deister slime concentrators. 
After concentration the slime tailing from the concentrators is returned to 
four Dorr thickeners, 16X10 ft. each, part of the overflow being used for 
the concentrator-table washes and returning with the pulp to the thick¬ 
eners. The slime pulp contains about 90% through a 200-mesh screen. 

Four diaphragm pumps are used for lifting the thickened slime from 
the thickeners into the agitation tanks. The suction of these pumps is 
connected directly to the outlet from the thickeners and consequently any 
regulation of thickener discharge has to be made by varying the adjust¬ 
ment of the pumps. Personal experience has not been such as to inspire 
a great deal of confidence in diaphragm pumps, as they have usually 
proved unreliable and likely to lose their priming or break the diaphragms 
at most inopportune times, but at the West End mill they are working 
successfully and have given entire satisfaction. Due to the fact that they 
are essentially a suction pump, they have been placed at a height where 
their delivery can flow by gravity into the agitation tanks. 

The system of having the pump suction connected directly to the 
thickener has the advantage of avoiding spilling of the pulp and makes a 
direct and tight connection from the thickeners to the agitation tanks, but 
the disadvantage is that adjustment or change of the thickener discharge 
has to be made on the pumps, either by changing the throw or speed, 
making the operation slow and necessarily performed at a distance from 
the thickener itself. It seems possible that a preferable arrangement 
would be to allow the thickened slime to fall directly into an appropriate 
sump from which it could be picked up and delivered to the elevation re¬ 
quired. This change would allow of prompt and effective regulation of 
the thickener outflow. 

Agitation System.—There are four agitation tanks, each 24X8 ft., 
arranged for continuous agitation and carrying Trent agitators. The 
continuous arrangement is such that in the passage from tank to tank the 
pulp is required to pass through the pump suction and enter each tank 
through the Trent agitators, thus insuring the maximum agitation and 


PRACTICE AT TONOPAH 


107 


avoiding short circuits across the top of the tank. The centrifugal pumps 
used are the Kelly & Campbell, a local make which has been designed to 
make replacement of worn parts easy and rapid, and the wearing part or 
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liner is designed to require no machining so that it can be chilled all over. 
These pumps are used throughout the mill and, in. fact, throughout the 
district* and have given entire satisfaction. 



108 


DETAILS OF CYANIDE PRACTICE 


The difficulties encountered with Trent agitators at other mills, 
notably the Hoilinger, at Porcupine, Canada, and at the Mexican, in 
Virginia City, Nev., are not found at the West End mill, nor in some other 
mills in the district where they are largely used, as will be noted. Here 
they give satisfactory results and the operators are well pleased with their 
performance. The centrifugal pumps used have 4-in. delivery and give a 
pressure of from 14 to 16 lb. per sq. in. The agitator arms make 3| 
r.p.m. and the operation of the agitator is said to require from 7 to 9 hp., 
varying, naturally, with the consistency of the pulp and somewhat on 
other temporary variations. 

From the agitation tanks the pulp is elevated by means of a 6-in. 
centrifugal pump of the type already mentioned into a 28X22-ft. 
Dorr thickener, the overflow solution going to the pregnant-solution 
tank and the thickened slime into an 8X28-ft. stock tank, which feeds 
the filter. 

The filter is a 100-leaf installation of the usual stationary vacuum type 
and presents no novelties in the system of operation. The slime is of 
such character that a light, soft, spongy cake can be made which is easy 
to wash, a cake Ij in. thick being readily made and washed. As 
proof of the ready washing character of the material the operators have 
shown that shortly after one replacement of the contained solution is 
made, the value of the effluent solution drops down nearly to the value of 
the wash solution used. By a replacement’’ is meant the passing 
through the cake of a quantity of solution equal to the amount contained 
as moisture in the cake. By passing another replacement of water 
through the cake the cyanide-bearing solution is nearly entirely displaced, 
the water taking its place. It should be remembered, however, that a 
cake of this homogeneity and porosity is unusual and it would be difficult 
to point to many examples of the kind. A l|-in. cake is made in 
from 45 to 60 minutes and is given a three-hour solution wash in order to 
take advantage of the additional extraction noted below. Due to the 
local conditions, the residue from the filtering operation has to be repulped 
with a minimum of water and pumped away, there being no available 
method of running to waste by gravity. 

Rotary Vacuum Pump.—The vacuum pump is a type I have not seen 
used for this purpose, and as it has advantages which are material, it is 
well worth mention. It is a Connersville cycloidal machine, 5JX8 in., 
and has 2J-in. suction and discharge. It consumes only three to four 
horsepower and maintains a vacuum of 19 in. at this altitude (6000 ft.) 
The machine is low in first cost, occupies an exceedingly small floor space 
and has an admirable maintenance cost, there having been no repairs on 
it since its installation. Machines of this class ought to be investigated 
for this work, as the record of this particular installation is admirable 
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in the extreme. It is constructed like a positive blower, having two lobes 
revolving in conjunction with each other. 

The filter tank is equipped with air lifts to aid in keeping the material 
in suspension. After forming the cake on the filter it is given a solution 
wash for three hours, during which time an additional extraction of silver 
of from 1 to 2% is gained. The point of additional extraction is extremely 
interesting and is one which has been verified in several of the mills in 
the district, the additional metal dissolved varying from 1 to 3% in vari¬ 
ous plants. 

Of the filter leaves, five are acid-treated each day, using HCl of 0.5 
to 1% strength. It has been shown in many mills of late tliat the fre¬ 
quent treatment of filter leaves in dilute acid lengthens their life con¬ 
siderably and does not tend to harden the (‘.anvas as docs more coiuam- 
trated acid. 

Zinc shavings are used in the usual way for preuvipitating the nudial 
from solutions, the installation (consisting of six boxes of six compart¬ 
ments each. The precipitate is collected, partially dried and melted in 
Faber du Faur furnaces, which are equipped with avspecial low-pressure 
burner. 

The ore treated varies in value from $18 to $20 |)(T ton, the propor¬ 
tion of silver to gold being about as 100:1. Tho (extraction in tlie mill 
varies from 90 to 92% of the contained metal. The powc^r consumed is 
two horsepower per ton of ore treated, and the regular force of operatives 
consists of 18 men. 

The consumption of the principal supplies used in (‘.yaniding is as 
follows: KON, 3 lb. per ton of ore treated; CaO, 3 lb.; lead ac(djat(^, 
0.5 lb; zinc, 1.8 lb.; pebbles, 6 lb. The total cost of treatment amoimts 
to about $3.30 per ton of ore treated. The accompanying flow sIkhR 
gives the details of the mill operation and the machinery used. 

The Montana-Tonopah Mill.—The Montana-l'onopah mill is ono of 
the original mills in the district to treat ores by total sliming. It wa,s 
constructed to make use of concentration, but this has been partially 
eliminated and now is using only a partial concentration system. 

The ore is first put through a No. 5K Gates gyratory crusher, from 
which it is elevated and passed through two No. 3D short-head crushers 
of the same make, thence going by means of a 14-in. belt (devator into 
the battery bin. 

There are 40 stamps of 1100 lb., dropping 102 timers per minute^ 
through 7| in. The screen used is a ^Hon-cap” equal to about 25 
mesh. Stamp crusliing is universal in tlie cam|) and tlu^ Montana- 
Tonopah is in line with general practice. 

From the batteries the pulp is classified in cone classifiers, the slimes 
going to the settlers and the sand being concentrated on eight Wilfiey 
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sand tables. The sand from the concentrators passes to two Dorr duplex 
classifiers operating in closed circuit with two Allis-Chalmers tube mills, 
each 5X22 ft. The grinding capacity of this mill is in excess of its leach¬ 
ing and agitating capacity and only one of the tube-mill sets is in use, the 
other being held in reserve so that no time is lost on account of relining 
or repairing the tube mill. 

It will be noticed that the tube mills in this installation are the long 
type, which is due to tlic factt that they were installed before the geiKvral 
opinion turned toward tlie short, large-diameter mills. Most of the tul)e 
mills used at present in the distri(‘,t are the latter type, which is most gen¬ 
erally favored. Smooth cast-steel linings are used in the tube mills, this 
arrangemcmt having proved satisfactory in efficiency and economy. 

Types of Agitators in Use.—The slime is settled in (a>ne-bottom tanks, 
of which there are four, ea(^h 30X10 ft., with a 9*^ pointed bottom. Tlie 
thickened slim(^ is taken to one of eight agitation tanks, which are operated 
on the intermittent-charge syst(nn. There are six 22X15-ft. tanks, con¬ 
taining Hendryx agitators; on(‘ 22X12-ft. tank, and one 27X1.2-ft. tank, 
each equippc'd with a Trcmt agitator. 

In this plant an opportunity has been had to compare the work and re¬ 
sults accomplished with the Trent and Hendryx systems, and it is note¬ 
worthy that th(‘. operators pre^fer the Hendryx, although admitting that 
it r(‘quires a grc'atc^r amount of power to drive it, resulting in a greater 
expense. It is (dairned that the extraction results ar(', better with th(i 
Hendryx devica^ and that it gives a great deal less troul)le than the Trent. 
The main difficulty with the latter seems to be that it is (^xtrermdy likely 
to l)ecome stopped up with splinters or caked sliine and also that it is not 
so efficient in getting extVaction results. This matter of difference of 
opinion in red’eremee to agitators will be mentioned again in discussing 
further the practice in this district. 

The agitation in th(‘se tanks is continuc'd for 54 hr. in a solution con¬ 
taining 5 lb. KCN per ton. Lime is added to the agitators in powder(ul 
form, the consumption Ixdng three pounds per ton of ore. The treatment 
solutions are kept heatcnl to 110'^, by which means the (extraction of silvc^r 
is said to be matcerially iruereascHl. 

Stationary Vacuum Filter.—The filter installation consists of a sta¬ 
tionary plant of tlie Butt(^rs type, containing a total of 140 leaves, of 
which only 100 are rcKiuired to handle the capacity of the mill. The filter 
is worked in five (cycles per 24 hr., three hours being used for taking out 
and acid-treating the leaves, the filtering operation ceasing for that period. 
Each day six leaves are treated, and weak acid is used for the process, the 
average being about 2% HCL Frequent treatment with weak acid keeps 
the filter leaves in good condition, avoids accumulation of large quantities 
of lime on the canvas and notably lengthens the life of the leaf. The weak 
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acid does not d(‘siro.y th(‘ (Jir(‘ad us<‘d in s<‘win|i; ih(‘ Ic^af and does not 
harden the canvas as strong acid dot's. In tnading (ht' h'avt's frequently 
only a small quantity of limt' is allowt'd to ataunnulalt' on lli(‘ h-ives and 
the weak acid is (dTetdivt^ in rt'inoving it. 



The time* of forming tin* eakt* is 45 mim, n l|4m ciiki* lH‘ing built iip‘ 
in tins timt\ Solution wasfi Ls continued ftir t hree hours and ii slight addi¬ 
tional extraction is gained in ilds time. d1ie nddit ionid ext faction gained 
on the filter is so small hi tliis case as to !»e idmost. negligible^, thus differing 
from tiie experience* of some {ilantH in the distrief, wliere afipreciable 
quantities of mental are disHolved duririi£ th<* .Holutioii-waHhinir neriocL 
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Due to the fact that a railroad spur runs through the property, it was 
necessary to design the mill in two units, one of which includes the crush¬ 
ing, grinding and concentrating units and the other tlie cyanide plant. 
This disadvantage is somewhat offset by the advantage gained in receiv¬ 
ing supplies directly at the mill and the loading of concentrate without 
haulage expense. The concentrate is shipped to a smelting plant. 

Zinc-dust Precipitation.—The Merrill system of zinc-dust precipitation 
is used, the consumption of zinc being equal weight with tlic bullion re¬ 
covered. The precipitate is melted in oil-fired furnaces, no acid tr(?at- 
ment being practised. 

The total extraction resulting from the ore treatment is about 92.6% 
and this total is divided into 20% in concentration, 20% in contact with 
solutions and 52.6% in agitation. The cost of benefication is placed at 
$3.09, which figure does not include the general expense items. The (;on- 
sumption of material is 8 lb. lime per ton of ore treated, 3 lb. cyanide, 
0.75 lb. lead acetate; pebbles, T| lb. per ton treated. The mill treats 
from 145 to 150 tons per day, and the ore contains 20 oz. silver and about 
$4 gold. The mill requires 320 hp. for its o])eration and employs 19 men 
regularly. 

As this is the oldest mill in the district maintaining its original con¬ 
struction and treatment plan, some of the later ideas are not included. 
This is to be especially noted in the case of the tube mills, the long type 
being used instead of the shorter ones, which conform to later ideas. 
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PRACTICE AT TONOPOH Continued 

Th(‘ null of tli(‘ 'I’uuopali Kxttnishni Mining: i\i. is situaicMl at the 
of tlu' town of Tonopah. It is can* of tin* lat(*r mills and (aubodies 
more naaait id('us iii mcdallurgy of tin* Temopah oros, Soriu' of thcBe 
dc'partunss an* of nuadi inton'st, among tlaan tho ust* of tube* itiills in 
ta-ndom. 

Th(M)r(* is first cnislaai tlirough a No. 4 Kmumdy gyratory (‘rusher and 
is tluai tak(*n by an in(*lim‘d iadt corua^yor to tlm mil! bins, t'rom thc'se 
it is fed through sus|)end(‘d (’halh‘ngt‘ fceclors into th(‘ stamps. Tht*re 
arc* thirty lOhO-lb. stamps having 7»in. dro[^ and 100 drops pea* min. 
Four of th(‘ hattvricss an* (afuipped with I2™m(‘slj s{‘n*ens arid two with 
H~inc\sh s(‘r(‘t‘ns of tin* “ton~eap‘' typ(u tin* objeet (d* tin* use* of these 
diir(*r(*nt s(‘r(‘(‘ns bt*ing to furnish a pulp (»f varied tM»ar.s(*n(‘ss witli the id(‘a 
of inen^asing tin* (dtiei(*ney of tin* tuta* mills. It is maintaimHl that the 
(a)ars(*r portion of tin* pulp ind only provith’s a nnauis of satisfaetorily 
using a. part of tin* grinding aedion of tin* pt’bbles whieh is t‘xtH*nded in 
(‘rushing upon th(‘ms(*lv(*s, but aetuaHy assists in grinding tin* fiimr 
portions into slinn*. 

Tube«mill Arrangement From tin* l»att(‘ries tin* pnlp is retanved 
by a dupl(‘X Dorr elnssifier, whieh n*m(»vcs tin* slime and di’livers the 
sand and (*oars(‘r ro(*k into the first tula* mill. This is a imn’ldtn* 5 ft 
diam(*t(*r and IH ft. hmg, following tin* recent ae(a*ptt*d d(*sigu. It is 
(*(pnpp(‘d with spiral .scoop feed(*r and Komata lining, and mnkc*s 27 r.p.rn. 
In this mill tln‘r(* is but om* pas.sagi* of tin* pul}n tliere bt'ing no raturn of 
oversize* to it. It p(*rforms a ln*avy duly in n*dueing fin* largi*r partkles 
of the pulp, as tin* analysis shows. 

h'rom this first tube* mill tin* pulp is received by a second I)c»rr(*lassifier, 
tin* slime* is takc‘n out and j<7ms the stream fnun the first, and tin* Hand 
reeiuiring r(*grin(liiig is led into the second tube mill, llils mill is the 
same size* as the first one*, but is eepiipped with a smooth eaist lining, in 
distined.ioii to the* first whieh has a Keunata lining. Here fin* fun* sand is 
ground into the slime* n*<pnre*d for total pulp. The product issuing from 
the* mill is re‘tunn‘d to the* He*(*emd e’lnssitier, thus forming a c!ose*d circuit 
from whie‘li only the* portion light e*nough ti» pass ove*r the diH(*harge of 
the* Dorr t!lasHifn*r issue*s. The* ne’coitifmnying tnlde shows the* classificja- 
tion of the* e*nte*ring and issuing pulp of <*ne!i mil! and also the* e*liissifie*r 
overflows. 
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TOXOPAH EXTENSION MILL. 
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niCi\\!LS i)V i^WSlOK VUM^'Vli^K 


The Agitation System. I'^nun (he rcgritiding syslt^ni l\w pulp jg 
taken to four coiH'-lJotioin stOf ling tanks, nach 21 X if> !(., wlua'e tlie col¬ 
lection of sliuK^ is nia(l(\ ovtTflowing solulion lading eitlua' pumped 
l)aek for furtluT us(^ or scad to tla‘ prin-ipitaf i(m d(‘parf incut, according to 
comlitions. This hulk of solution is used to maintain ilu^ balance 
})etwe(Mi preedpitadion ajul tlu^ total solutitui ustnl in tlH‘ mill. 

From the setiku's th(‘ slime is <lravvn off into th(‘ agitation tanks, of 
which theu'e are four, (aich 21 X ft., all cHjuipptal vvitli Tnmt agitators. 
At th(‘ Extension mill the Tnmt agitators ar<‘ regardcal ns highly (‘ffieient 
and satisfactory <l(‘vi(*(‘s, alt hough it is atdv now lodged that» th(\v are not 
without their faults, ddicw <lo give sonu* trouble, due to plugging of the 
no 552 ;les, and it is also found that tin* hearing upon whieh tln^ arms nwmlve 
is not entirely grit proof and is suhjeet to grinding acti<m of tlie pulp 

SCVRKKN ANALVSKS OP TVnK MILL AND (d,ASSlKlKH PRODlfOTS AT 
TON<d^\H KXd1‘:NSl(JN MILL 
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whkdi gets into it. Home* <*xperimeuts have lieeu made Intidy l>y rtanoving 
the nozzkss from the air and pulp-deliv<»ry pipt*s, which constitute the 
arms, and it has heem found tluit while the speoil of rt^voluiioii has been 
diminisluHl, tlien*. is no edher ilhelTect aial tin* agitation contima‘8 as 
usual This proctalun* is (»alctdutetl to lessen the prohahilily stoppage 
from pluggcal noz/h»H. AnotfitT experiment to avoid ttie wear ocaaisioned 
by grit entering tlie Imarings and grinding tliem mil has hetui made by 
removing the lauiring aitogedhm* front the tank and suspending it above 
the tank, connecting it with th<‘ revolving arms hy means «if a pipe. It 
seems probable that ItolJt tln^se variations may lie prodmdive of econo¬ 
mies, and a final decision oit the mutter will be of inten^st. 

The power n^rpnnai t(t move thelVettf agitators is stated U* la? Ohp. 
for each agitator, |>lus tin* ptnver recptireil for furnishing compressed air, 
whicli in this c*asc‘ is LI lip. for five agitat<*rH, intdoding tin* four treatment 
agitators and tin* stock lank. 

Vacuum Filtration. ■ From the agitatorH the pulp is taken to a stock 
tank, 30X20 ft., which serves to fecal the* filter. The stock tank is ecpiip- 
ped with a Tnmt agitator to keep its eontemts in Hmpmdmu From the 







PRACTICE AT TONOPAH 


117 


stock tank the pulp is taken to a stationary vacuum filter of the Butters 
type having 100 leaves. The filter is operated in the usual way, a cake of 

in. is made and given a 2-hr. solution wash. The usual cycle is six 
hours in total. An additional extraction is made on the filter, which at 
times reaches 3%. The slime at the Extension mill is easy to filter, as is 
generally the case with the Tonopah ores. 

Zinc shavings are used for precipitation. The solution is clarified by 
passing it through excelsior and is precipitated in eight ()-(a)mpartment 
zinc boxes, each compartment being 30X36X30 inches. 

The precipitate resulting is partially dried and fluxed and melted in 
Steele-Harvey furnaces. The slag is allowed to accumulate until suffi¬ 
cient is at hand for treatment when it is crushed in one of the batteries, 
concentrated to remove the metallic particles and the remainder added a 
little at a time to the tube mill, where it is crushed to a slime and cyanidcul 
along with the regular mill run of ore. By treating the slag in this man¬ 
ner only a small portion is added to the mill run every day, and it is soon 
used up without any detrimental effect. It avoids the expense^ of shipping 
the material to smelters and it is probable that the ultimat(^ economy of 
the scheme is as good or better tlian when it is shipped. 

There is some controversy over the relative merits of zinc sliavings and 
zinc dust as a precipitant in the Tonopah district, and the op(u^ators at tlu^ 
Extension mill believe that the process using shavings is as satisfactory 
and economical as when the dust is used. They point to the fa(;t that tludr 
consumption of zinc is as low as is usual when zinc dust is used and that 
their cost of cleanup is no more than in such cases and also that their 
resulting bullion is better and barren solutions arc easily secured. This 
question is one which will stand a good deal of argument, and there s(Mims 
to be sometliing of advantage for each system. It is, howevc^r, diffic,ult to 
ovc^rlook the great advantages in simplicity and safety ol)tained by ilu) me. 
of zinc dust. This matter will be referred to again in considering tlie 
metallurgy of Tonopah in a general way. 

Extraction Data.— The extraction obtained at the Extension is (jonsist- 
ently high and may be said to be about the limit obtainable on 7^onoi)ah 
ores. The material treated contains silver and gold in the proportion of 
about 90:1, the heads averaging 16 oz. silver. 

The pulp is given 40-hr. agitation in the tanks with solution of about 
three pounds of KCN per ton. The extraction obtained averages about 
94 to 95% of the total content. As an example of the division of (extrac¬ 
tion a typical month showed 25.77% in milling, 67.57% in agitation and 
1.74% in the stock tank and in filtering. Solutions are warmed at this 
mill, as is the general practice at all Tonopah mills, to 120°, and it is 
claimed that a clear and definite additional extraction is ol)taihed over 
working with normal temperatures. 
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The consumption of material is as follows: Cyanide, 2.78 lb.; lead 
acetate, 0.963 lb.; lime, 3.398 lb., and pebbles, 4.423 lb., all calculated 
per ton of ore milled. Tlio consumption of zinc is 0.052 lb. per oz. of 
bullion recovered. Tlie mill treats about 155 tons of ore per day with 400 
hp., and employs 14 men regularly, including the superintendent. The 
accompanying flow slieet shows the details of the system followed. 

An Installation of Heavy Stamps.—The mill of the Mac^Namara 
Mining Co. is one of the most recent of the Tonopah installations, and 
originally contained a number of innovations, most of which, however, 
have made room for devices conforming to standard p.racti(^e. 



THIO MACNAMAHA MILL. 

The ore is brought into the mill over a conveying and sorting belt, and 
that part of the waste which is easily recognizable is thrown out. A 
Kennedy gyratory crusher is used for primary crushing and tlie ore is tlum 
dropped into the battery bins. 

There are 10 stamps in the mill, fed by suspended Challenge feiKiers, 
the stamps weighing 1400 lb. each. They are set in a special heavy-duty 
mortar, the screen being only three inches from' the dies. This type of 
mortar is designed for rapid crushing and, in fact, at the MacNamara mill 
a duty of 7.5 tons per stamp per day is attained. With stamps of this 
weight this could not be considered an exceptionally higli duty, but the 
crushing capacity is limited by the following regrinding installation wliich 
will not permit any greater output. The stamps make 98 drops per min¬ 
ute through 8 in., and the mortars are equipped, one with 8-mesh and the 
other with 12-mesh screens. The different screens are used with the idea 
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of furulshins a, varunl L'cd for t iu- iul><‘ inill, as has Ihh'Ii luciiUoutHl in the 
case of tho Tonopah lOxtciision mill, .although tia' (‘fliciimcy of this pro¬ 
cedure in th(' case of t im MacNamara would seem i o l)e limited by the use 
of a single tube mill. 

The tube mill used is 5 ft. diameter ami 1(1 ft. long, which is carrying 
the .shortness to tlu' extreme. .\s has been meat ioned, t lu‘ temhmey at the 
present time is to limit the length of tin* tube mill, and tins instances the 
progrefs.sion (d that, taauhmey. It is .st.iteil that with tin* iteft. mill the 
results are the saint', as far as lint'iiess of out put is concerned, as if the 22-ft, 
length were u.sed and tlu' wear on the lining ami the power and pebble 
consumption art' It'ss. 'I'his mill is eipiippeil wit h smoot h cast lining and 
runs at 2(1 r.p.m. and u.st'S abttut (1(1 lip. tor its operation. 'I'lu' cast lining 
is stated to wt'ar 11 months, ami as it is locally east. hard iron, the renewal 
cost is not high. 'I'ht' mill is eipiippetl with a scoop fei'th'r of the .spiral 
type. The tUseharge is taken up by an ,SX.‘>2-in. Krenier pump and re¬ 
turned to the elassifier. making a elosed elreuit. 

The Agitation System. 'I'bt' slime from the elassilit'i- is colleeted 
and thiekeiu'd iu a Dorr lliiekem-r. 2tlKl2 ft., the oveHIow solution 
being returned for battery u.se ami the lideketied .slime proceeding 
to the agitators. 'I'liere are two agitator tanks, eueb 2(1 X Hi ft., equipped 
with Trent agitators nctuateil by l-in. centrifugal pumps of the local make 
already mentioiu'd. Originally the arrangement of these agitators was 
somewhat dilTi'rent, the bearing was .situated outsi<Ie and Ix'low the bot¬ 
tom of till! tank ami (‘ouni'i'leil with (he revolving arms by mi'ans of a 
pipe which also ri'volved. 'I'his pipe pas.sed (hrough a stuffing box in the 
bottom of the tank, but it was found that wlien I be gland was tightened 
sufficiently to prevent li'akage, the free revolution was prevented and the 
agitator was likely to stop at any time. Heetiurse w.-ts liad to the stand¬ 
ard Trent devices and subsetiuent (nmlile has bei>n <'on(ined to the points 
previously rneutiom'd. 

Agitation iu tlu'.se tanks is eontiimed for a total of hr., which 
includes the time ri'ciuiri'd for lilling the tank. The filling time is 18 to 
20 hr., during which t he agif ator.s are in u.se ami the pulp receives efficient 
agitation. A 2-lb. solution is useit for treatment. 

After the completion of ngitalion the pulp from the agitators is 
received in a stock tank, 27.hX 10..I ft., ul.so equi[tped with a Trent agi¬ 
tator. From this tank the pulp is drawn olT to a .aO-leaf vacuum filter of 
the Butters type'. Iu the eonsfruetion of the tank for this filter It was 
intemh'd to discharge it from a. single itoinf, and the latffom was not 
divided into si'iiarate hoppers, buf (*onsi,s(ed of a .single V-bottom, in 
which was plaei'd a sjiiral screw conveyor f ti eonve'y t he discharged slime 
to the point of I'xit. 'i’his arrangement wjis found i(» he deeuledly unsat¬ 
isfactory, as the slime stuck anil piled iiji on the side of the tank and even- 
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tually the screw was tunneling under the mass of slime. In order to 
remedy this defect the bottom was divided up into separate hoppers by 
inclined partitions, and is now conforming to usual construction. 

The filter cycle occupied a total of 4| hr., which includes a 2-hr. 
solution wash and 5- to 10-min. water wash as final treatment. The cake 
is formed in from 60 to 80 min., and usually has a thickness of about 1| 
in. In common with most Tonopah slimes, this cake is easily washed. 

Precipitation on Zinc Shavings.—^In accordance with the usual Tonopah 
practice, zinc shavings are used for precipitation, there being four 6-com- 
partment boxes preceded by a special box containing excelsior for clarify¬ 
ing the solutions. It is to be noted that several plants in Tonopah are 
using this excelsior clarifying system and it seems to do the work in a 
satisfactory manner. It is undoubtedly a simple and cheap process and 
for small plants seems to be a cheaper method than installing clarifying 
presses. A box is made on the principle of the zinc precipitator box, the 
size varying with the requirements, and is filled with excelsior through 
which the solution passes in the same manner as thourgh a zinc box. The 
excelsior is packed rather tightly and effectually prevents suspended 
slime from entering into the zinc box. The excelsior is easily and cheaply 
cleaned when there is sufficient accumulated slime to make cleaning 
necessary. 

The precipitate is partially dried, fluxed and melted in a Steele-Harvey 
furnace, the slag crushed and screened to separate the metallics which are 
returned to the bullion melts. A flow sheet of the mill is given, showing in 
detail the metallurgical procedure. 

The extraction secured is 90 to 92%, in conformity with that secured 
by most of the other tube mills of the district. The consumption 
of cyanide is about 1| to If lb., and of lime about three pounds. 
The lime is added to the classifier in dry form. Of lead acetate the 
consumption is 0.55 lb. per ton milled, and of pebbles, four pounds 
per ton milled. The mill crew consists of seven men, not including the 
superintendent. 

The MacNamara is the smallest mill in the district and its operating 
costs are not to be-fairly compared to those obtained by the larger mills. 
It is stated, however, that the costs are not materially more than those 
of the mills which most nearly approximate its capacity. The mill is 
situated in the town of Tonopah, and is convenient to sources of supplies 
and finds it easy to secure labor sufficient for its needs. The details of 
the treatment are shown in the accompanying flow sheet. 

Separate Treatment at the Desert Mill.—Besides the mills in Tono¬ 
pah proper, there are two that are, or have been, milling Tonopah ores 
with success. The most important of these is the mill of the Desert 
Power & Mill Co., at Millers, 13 miles from Tonopah. This has been 
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reducing ores of the Tonopah Mining Co. for sonae years, it being the 
original cyanide mill of the Tonopah district, constructed in 1906. The 
mill contains 100 stamps of 1050 lb. each and regrinding is performed in 
Huntington and Chilean mills of the Monadnock type. The ore is 
crushed in solution, as is the practice in all mills of the Tonopah district, 
and is concentrated on Wilfiey tables in order to recover the sulphides 
which are not so easily cyanided. 

The sand and slime at this mill are treated separately after the older 
method in use before treatment as total slime became universal. In 




MILL AND SAND TAILINfJ PILM OF TJIIO DESKHT POWER & MILL CO., MILLERS, NEV. 

tliis plant the slime is treated in tanks having mechanical agitation by 
means of revolving arms moved by gears at the top of the tanks. The 
sand is subjected to double treatment, being collected in 33X8-ft. 
leaching tanks and afterward removed by means of Blaisdell excavators 
and distributed with distributors of the same make into se(‘,ondary 
leaching tanks of th(‘ same tyi)e and size. 

It is noteworthy that althougli crushing is in solution and concentra¬ 
tion is practiced in the same solution, the amount of metal dissolved dur¬ 
ing these operations is proportionally small, and it is found necessary to 
take advantage of every possible means of increasing the dissolution of the 
metal after that point. 
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The plant in general is much like the South African plants of an 
early period, containing tailing-wheel elevators, separate treatment with 
its consequent large area of tanks for leaching and slime treatment, and 
comparatively great area under the mill roof. The mill is extremely inter¬ 
esting as a comparison with modern mills of the same or greater capacity 
now operating in Tonopah and a flow sheet of it is herewith presented. 
The mill treats 500 tons per day, of which 60% is treated as slime 
and the remainder as sand, the sand requiring about 15 days^ leacliing to 
extract the maximum economical percentage. It requires 770 hp. and 
64 men for its operation. 

Detailed descriptions of the Desert mill have been publislied in the 
technical press, and it is not necessary to review its methods in detail at 
this item, as they are sufficiently well known. It would, of course, be 
impossible for a mill of this kind to bencficiate ores at a cost comparable 
to that attained in modern mills, but it may be said tliat for a mill of its 
type, the Desert plant is still perforixiing good work. A comparison of 
the Desert mill with tlie new Belmont plant forms a good object lesson as 
to what great changes have taken place in the cyanidation of silver ores 
within six years. 

At Millers there is also the old mill of tlie Belmont company, having 
60 stamps and built after the separate treatment plan, much like the 
Desert mill. This mill is now treating a small quantity of custom ore 
and retreating some of its sand tailing. A description of it would be 
unnecessary at this time. 


DISCUSSION 

Cost of Cyanidation at Tonopah 

In the synopsis of Herbert A. Megraw's article on ^bSilver Cyanidation 
at Tonopah—II,” in the Journal of Mar. 1, with reference to the Desert 
mill at Millers, Nev., the statement is made that, '%5osts are higher than 
those obtained with modern all-slime plants,” and in the text of the arti¬ 
cle, one reads: ^'It would, of course, be impossible for a mill of this kind 
to beneficiate ores at a cost comparable to that attained in modern mills.” 

It is possible that what I believe to be an erroneous impression may be 
gained from the above statements. If Mr. Megraw refers to the modern 
mills of Mexico or modern mills of the United States, treating straight 
gold ore, the statements are correct, but if he would only refer to the mills, 
both modern and antiquated, of the Tonopah district, which would 
be a fair basis for a comparison of costs, I believe an investigation 
would show that the operating costs of the Desert mill, granted to be 
antiquated, have been, and are still, lower than those of any other 
mill in the district. 
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For the eleven months of the present fiscal year the direct costs at 
the Desert mill are, $2,489 per ton, indirect $0,146, total $2,635 per ton. 
Direct costs include all labor, power and supplies used in operating the 
mill together with all costs of repairs, renewals, and upkeep of plant and 
equipment. Taxes, insurance, legal and home office expense are included 
in the indirect costs. 

A. 11. Parsons. 

Tonopah, Nev., Mar. 8, 1913. 

It is possible that Mr. Parsons has misinterpreted the statements to 
which he refers in my article dealing with cyanide practice at Tonopah. 
What I meant was that a plant operating on the old separate-treatment 
system, without the most modern machinery and appliances, cannot 
possibly reach the low level of cost attainable in all-slime plants where 
every improvement is at hand. Of course, to make any comparisons of 
value, the scale of operations must be approximately the same, and for 
this reason the Desert mill, treating 500 tons, cannot l)e compared to the 
other mills in Tonopah which handle 150 tons or l(‘ss pen* day. An instruc¬ 
tive contrast might be made between the Desert mill and the ru^.w Belmont 
mill, which treats approximately the same tonnages of tlui same kind of 
ore. Undoubtedly the Belmont, a modern and efficiently operated 
installation, is treating its ore at less cost than tlie Dcsscu-t mill, or will be 
doing so when normal conditions can l)e maintaiiu'd. My statcanent was 
not limited to the Tonopah district alone. 

I am aware of the cost of milling at tlui Dc^sc^rt mill and (jonsider it 
exceptionally low for a mill of that kind. I think Mr. Parsons will agree 
with me, however, in believing that a mill equip})(‘d with (‘.very modern 
improvement can treat the same ore as efficiently and at l(‘ss (iost. 

' H. A. Miocjuaw, 

New York, Mar. 18, 1913. 

On reading Mr. Megraw^s article on “Hilv(‘r (^yanidation at Tonopah 
—II” in the Journal of Mar. 1, a refercmcc to tlui slinu^ discharge of the 
MacNamara mill will be noted, which seems to condtann that type of 
installation generally as a method of rcnnoval of tailiiigs. 

Quoting briefly, he says: “The mill of the MactNamara ..... 
originally contained a number of innovations, most of whi(ii hav(‘ Ixam 

made for devices conforming to standard practices.The 

filter bottom was not divided into separate hopp(‘rs, l)ut (‘onsistcal of a 
single V-bottom, in which was placed a spiral scjrew miwi^yor to convey 
the discharged slime to the point of exit. Th(i arrangcum'ut was found to 
be decidedly unsatisfactory, as the slime stuck and i)il(al up on the side of 
the tank and eventually the screw was tunneling under th(‘, mass of slime. 
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In order to remedy this defect the bottom was divided up into separate 
hoppers by inclined partitions, and is now conforming to usual con¬ 
struction.” 

Though without first-hand knowledge of the conditions prevailing 
at the MacNamara, I wish to state that this failure of a screw conveyor 
readily to clean a filter hopper is not to be considered a typical perfor¬ 
mance, nor should it be a sufficient reason to revert to the common 
practice. 

As evidence, I would submit the results obtained at El Tigre, Sonora, 
where a screw conveyor is transporting heavy filter slime-cake that is 
dropped into a hopper that contains no water whatever. The equip¬ 
ment, as first set up, was a screw of ribbon type, revolving in the bottom 
of a horizontally set discharge hopper, the sheet-iron walls of which are 
inclined at an angle of 45°. The residues discharged are filter cakes from 
Kelly presses, which range from 25 to 30% moisture, and more often 
approach the former figure than the latter. Inasmuch as the cakes are 
stiff and sticky, the leaves are washed with water from a high-pressure 
hose, after having dropped the cake by internal water pressure, but the 
total discharge from the hopper has not exceeded a moisture ratio of 
0.5 of water to 1.0 of solids, more frequently being 0. 4 :1, and there 
is no accumulation of water in the hopper at any time, to serve as a 
flushing medium. 

When first put in use, the conveyor behaved as described by Mr. 
Megraw, and ^Hunneled” through the slime-cake, making the prompt 
discharge of residues impossible. After some time elapsed, the following 
alterations were made, which changed the screw from a source of annoy¬ 
ance and lost time, to a smoothly working mechanism. First, the bottom 
plates were taken out, and a trough, 22 in. wide, was bult into the bottom, 
of similar gage iron. The hopper bottom was originally level, but this 
trough has an inclination of 12% on a 50-ft. length. 

The ribbon shaft was lowered as well, but not as much, and is now a 
foot above the bottom of trough at discharge end, while at the other ex¬ 
treme it is only'about 5 or 6 in. above it. 

The result of the change is that all the slime slides into the trough and 
is at once cut up by the worm, and pushed forward before it has time to 
lag and hold back the succeeding fragments of cake that fall. The small 
amount of hose water that is used acts as a lubricant and the slime cakes 
shoot out of the discharge end of the hopper as though on a greased 
skid way. 

No fall or head room was sacrificed, as the hopper is at the head of the 
tailings ditch. In passing, it might be said that without the aid of the 
screw conveyor, it is impossible to discharge the hopper save by long-con¬ 
tinued sluicing with much water. The conveyor is driven by a small 
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motor that takes about 3 hp. under the new arrangement, and as it is in 
operation about 4 hr. in all per day, the power requirements are extremely 
small. 

Cake discharges are now made in 15 to 18 min., counting from the 
time that the presses are opened until the time that they are beginning to 
fill again with slime. In this time five presses of the “Parrah' size are 
cleaned. Occasional discharges have been made in 10 or 12 minutes. 

The above statement shows that screw conveyors will remove filter 
slime under the proper conditions, even though much denser than the 
average vacuum filterjcake, and at no noticeable expense for power or 
repairs. 

Conditions at El Tigre preclude the use of much water or water in 
large quantities at recurring intervals. At other plants they might be 
such as to offer no field for the screw conveyor for a variety of reasons, 
but it is certainly possible to make it work well as a means of transport for 
slime cake in a filter plant. Furthermore, it does not leave masses of 
heavy slime in the corner of hopper, as is frequently the case when using 
rectangular boxes and dropping the cake in water or barren solution. 

Donald F. Irvin. 


Yzabal, Sonora, Mar. 15, 1913. 



CHAPTER XII 


PRACTICE AT TONOPAH—Concluded 

The ores of the Tonopah district have not as yet been subjected to 
thorough tests in order to determine the advisability of sorting the ore 
before milling it. Some of the plants have adopted sorting in a desultory 
way and two have taken some pains to accomplish a more or less thorough 
sorting. These latter are the West End Consolidated and the new Bel¬ 
mont. The first of these has installed a mechanical washing machine 
which screens and washes the ore in hot water and then delivers it upon a 
wide sorting belt running at slow speed. This belt is so arranged that 
the sorters workmen one side of it, throwing the waste not off the belt, but 
to one side of it. At the end of this belt there is a splitter which bivides 
the stream delivery, the milling ore going to its proper bin wliile the 
waste is delivered into a waste bin from which it can be readily discarded. 

There are several advantages about this sorting system. The ore to be 
sorted is passed over a trommel with small holes and is given a thorough 
rasping which dislodges much of the sticking clay and mud and also gets 
rid of the fine portion of the ore which does not require sorting but which 
goes directly into the mill. The coarser ore thus is passed through into 
the washer proper, which is a large steel cylinder set on an incline with its 
lower, or receiving end, set into a tank of water which is heated^by steam. 
The inside of the cylinder contains a spiral, or reverse screw arrangement, 
which obliges the ore to ascend through the cylinder until it is finally dis¬ 
charged at the higher, or discharge end. Near the discharge end there is 
a section of the cylinder perforated with small holes through which the 
washing water returns to the tank below. The coarse ore delivered to the 
sorting belt is in perfect condition for sorting, as the operator can see at a 
glance its character and can eliminate all absolute waste without hesita¬ 
tion. The mud and clay washed from the ore are collected in the wash¬ 
ing tank and can be recovered at convenient intervals. It is usually of 
high grade and is sent to the mill along with the regular milling ore. 

The practical utility of this system has been thoroughly tested and 
calculated at the West End plant and the conclusion is that there is a 
clear and definite saving by its use. A large portion of rock that will 
not pay its way through the mill is discarded, saving the milling cost of 
putting it through the process and enriching the portion of payable ore. 
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bulk for milling, the economies being evident. The new Belmont mill 
has installed a similar machine for washing the ore. 

Sorting in some form is practiced by several of the operating companies 
at Tonopah, but only at the above mentioned plants is it carried out in 
thorough form. It has been stated that a great many of the Tonopah 
dumps would pay well for sorting them over if it were possible to lift 
the material economically and get rid of the waste. If this statement is 
true, it seems likely that sorting while the ore was originally in motion 
might have repaid the trouble necessary to do it. It is a question which 
requires some study and it is impossible to make any statement which 
would certainly cover all cases. 




NEW MILL AT TONOPAH, NEV., AND OLD MILL AT MILLERS, OF THE TONOPAH- 
BELMONT DEVELOPMENT CO. 

Crushing in Solution.—All the operating mills at Tonopah use solu¬ 
tion throughout the mill operations. At the same time there are certain 
of the operators who believe that better metallurgical results could be 
obtained if it were possible to do the crushing and grinding in water 
without incurring a loss of cyanide and dissolved metal It is evident 
that in treating silver ores where solution of comparatively high cyanide 
content must be used, crushing in water is not usually practicable. The 
amount of water taken in unavoidably from the grinding system to the 
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cyanide plant would have to be discharged as moisture witli the residues, 
and at that time would contain both cyanide aiid metal in solution, a 
combination that could not be thrown away. The only system by which 
it might be managed would be to filter the pulp from the grinding system, 
whereby it could be introduced into the cyanide plant witli approximately 
the same quantity of water as the residues would contain in moisture. 
Whether the advantages obtainable would justify the additional expense 
is a question which would have to be solved in each particular case. The 
procedure is followed at the mill of the Smuggler-Union Mining Co., at 
Telluride, Colo., as has already been mentioned in tlicse papers. 

Crushing in Water at Goldfield.—The advantage of crushing in water 
is believed to be a saving of cyanide by removing cyanicides from the ores, 
resulting also in an improved extraction. This matter has received 
much attention from tlie operators at the Goldfield Consolidated mill 
and experiments covcaing scweral months’ work have convinced them that 
water crushing lias decided advantage's over crushing in solution. Natii- 
rally enough, tlie (ionditions at tlie Goldfield mill ar(^ dc(iidedly different 
from thosc^ obtaining at Tonopah and the results of experiments c.annot be 
transferred bodily. The former is treating a gold-bearing ore and using 
solutions much wirikm* than thosci mur^ssary for tlie ores of Tonopah. 

At the Goldfield Chinsolidated, it lias be(m satisfactorily jirovcKl that 
when crushing in water- is followed the consumption of cyanide is k^ss and 
the extraction of nn^tal bid^tc^r than when crushing in solution. It is 
shown, also, that when crushing in solution is practiced, th(r-c is likely to 
appear in the mill a light gelatinous product which refuses to settle and 
causes a great dirxl of trouble in mill operating. The substance appears 
much like an alumina product, which it may be, but that has not been 
proved. On the contrary, when water is used in the crushing system, this 
product does not appear. 

It is extremely difficult to account for this difference and many theories 
have been invented in the attempt to do so.' The theory has been 
advanced that no matter liow alkaline a crushing solution may be, and all 
solutions containing cyanide must be kept alkaline, there will be a certain 
length of time, however short, when the acid liberated from tlie ore will 
overbalance any alkalinity immediately available at any one point, and 
that during this short time a chemical change might take place which 
would render soluble some elements which would not be put into solution 
with water and which would be removed by washing before reaching the 
cyanide department, were water used in crushing. This momentary 
acid condition might also introduce certain combinations prejudicial to 
high extractions. Of course, there has been no research which would 
prove that this condition does exist and is responsible for the results 
shown, but the results are plain. Commercial operators rarely have 
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the opportunity to solve questions of this kind, but it is just such prob¬ 
lems which most need solving in the cyanide field. 

Whether or not similar conditions to those found at Goldfield would 
obtain at Tonopah is not certain, but with this example in mind there are , 
many who would like to have the opportunity of trying it. 

The use of gravity stamps for crushing is universal at Tonopah and it 
seems that nothing else has been considered in the design of the plants. 
This seems unfortunate, for the ore does not appear to be too hard to give 
good results with rolls or Chilean mills, either of which might be applied 
with economy. It is true, however, that stamps have been considered the 
conservative crushing machine for a long time and the design and con¬ 
struction of plants at Tonopah have been eminently conservative. To 
install a machine which will surely do the work, even though at a cost 
somewhat higher than that of one which might be satisfactory, is a sound 
basis upon which to reason and designers can hardly be censured for 
following that system. At the same time the results obtained by the 
other machines, rolls and Chilean mills, both as to efficiency and cost, are 
no less definite and clearly proved, the obstacle to their use being simply 
that the results are not so well known. One cannot say with certainty 
that either of the machines above mentioned would satisfactorily take 
the place of stamps at Tonopah, but it is not too much to say that I 
believe either of them would introduce economies. 

Lining for Tube Mills.—The matter of tube mills at Tonopah intro-, 
duces some interesting variations which are worthy of attention. First 
attention is called by the shortness of the mills generally used, especially, 
in the later installations. This progression has apparently been along 
conservative lines and there is reason to believe that the theory is sound. 
Certainly it has resulted in a reduction of power for the same production. 

The mills recently installed are generally 5 ft. diameter and 18 ft. 
long, in one case the length has been reduced to 16 ft. with satisfactory 
results. It will be interesting to watch this development and see what 
it brings forth. It is not impossible that the tube mills of the future may 
be more like drums of large diameter and short length than the long, 
narrow tubes first used. 

The lining of the tube mills has given rise to much argument. The 
contrast here to Mexican practice is noteworthy. In all the Tonopah 
i^tallations I have not seen a single instance of the use of the El Oro 
ribbed lining, but everywhere there is the use of the smooth cast lining 
and the silex blocks, both of which had been tried and discarded in 
Mexico before the El Oro lining came into use. The smooth cast lining 
would seem, theoretically, to be the most inefficient of all possible linings, 
as it would appear that the pebbles would be more than likely to slide 
over it and reduce the ore by rubbing it between the lining and the 
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pebbles. The matter of the dropping or tumbling of pebbles would 
apparently be reduced^to a minimum, and while it is clear that the 
power requirements would be reduced to the lowest possible point, 
apparently the efficiency would go down with it. That this is not the 
case is what several of the operators declare positively. They claim to 
get better results, both as to character of product, its quantity and cost 
of production. And it is also stated positively that the pebbles do not 
wear flat in the smooth-lined mills. It is a fact that if one is careful he 
can avoid seeing flat pebbles on the scrap heaps of these mills. 

The silex lining has its advocates also, the installation at the new 
Belmont mill containing silex lining except in experimental cases. Silex 
has proved to be a good lining in many cases, and except for the item of 
cost has done good work in Mexico. The objections there to its use are 
the cost and the time necessary to reline the mill when it wears out. 
This usually puts a tube out of commission for from five to seven days 
and where there is no reserve capacity it seriously interferes with the mill 
operation. 

The Komata lining has had trials at Tonopah and in the case noted 
in the Tonopah Extension mill, is doing satisfactory work. Komata 
linings have also been installed at the Goldfield Consolidated with 
satisfactory results and are now used altogether. It is claimed that 
these linings increase the power consumption, which is undoubtedly 
true, but that the ultimate efficiency is increased. This is even more 
definitely shown when the revolutions of a mill into which they are 
placed are reduced considerably. For instance, a 5X18-ft. tube mill 
using smooth or silex lining and revolving at 26 or 27 r.p.m. can be re¬ 
duced, when the Komata lining is used, to about 22 or 23 r.p.m., resulting 
in a lower power consumption and no great reduction of efficiency. 

The height at which the load of pebbles is carried also varies a good 
deal. The variation is from somewhat below the center line of the 
mill to 6 or 8 in. above it, calculating with the mill not running, of 
course. In cases where the load is carried above the center line of the 
mill a grating has to be used in the discharge in order to prevent the 
issuing of pebbles. At the West End mill a difference of pebble load 
made an enormous difference in the efficiency of the tubes so that the 
whole mill was affected. This question of lining will probably be 
solved in the near future when there will be some agreement among the 
operators as to which type best suits their needs. At present there 
seems to be a great difference of opinion. 

Types of Agitators. —Opinions in regard to agitators seem to differ 
as widely as they do in tube-mill linings. There are examples of the 
Pachuca, Hendryx, Trent and other systems in use. The original mills 
of the district, the Desert and Belmont mills at Millers, used mechanical 
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agitators for their slimes, the Hendryx type is in use at the Montana- 
Tonopah mill and several installations are using the Trent system, while 
the new Belmont mill at Tonopah is using the Pachuca system. 

Particularly the Trent agitator seems to be a bone of contention. 
Some users say it is perfect and others delcare it has no merit in it, that 
it is a nuisance and not satisfactory in any way. The truth lies somewhere 
between these two extremes, no doubt, but at what exact point is im¬ 
possible to state. 

The Hendryx agitator has been previously mentioned in these 
columns, but it is a machine which has never become popular on account 
of its high power consumption. There is no doubt that it is a good 
agitator, but it will probably never become a serious factor in the agita¬ 
tion of slime for the reason of its high operating cost. 

Pachuca tanks have been the subject of investigation for some time 
and many operators claim that they offer no advantages in economy nor 
in additional extraction obtained. 

Referring back to the new Nipissing mill at Cobalt, in which the 
slime agitators are the old-style mechanically moved arms, the designers 
stated that they had been able to find no device which would assure 
them either better results or lower costs. In such event the Pachuca 
tank would be entirely out of the reckoning, for if it presents no such 
advantages, its high cost of installation and the additional cost of pump¬ 
ing in a mill, occasioned by the height of the tanks, would certainly 
preclude its installation. I am of the opinion that the Pachuca tank is 
likely to be replaced by some other more satisfactory design. 

Concentration Practice.—It will be noticed that some of the Tonopah 
mills practise concentration while others do not. The two at Millers, 
the Montana-Tonopah, the West End and the New Belmont practise 
concentration, while the Tonopah Extension and the MacNamara mills do 
not. In those mills which do concentrate, the object has been to make 
as little concentrate as possible consistent with removing the objection¬ 
able elements from the ore. With low- or medium-grade ores con¬ 
centration is not necessary but with the rise in silver content, attendant 
upon the increase in the proportion of sulphides, concentration must 
be resorted to. Many of the mills using the process have reduced the 
number of tables, the point being that it is more expensive to market 
concentrate than bullion; therefore as large a proportion as possible 
should be taken out in bullion form. This is sound reasoning, par¬ 
ticularly where the concentrate has to be shipped to smelters where 
losses may be multiplied by many means. 

There is no instance of local treatment of concentrate at Tonopah. 
In this connection it is interesting to review the situation at Goldfield, 
where the Consolidated treats all of its concentrate by an elaborate proc- 
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ess. Experiments on concentrate treatment showed that by treat¬ 
ing the concentrate raw a certain percentage could be saved; that by 
first roasting the concentrate and then cyaniding it, a better extraction 
would result, but that by treating it raw, then roasting it and retreating 
by cyanide, an extraction about equal to the sum of the results of the 
other two methods could be obtained. That system has been installed 
and is followed with success. After the cyanidation of the roaKsted 
concentrate, the residue is delivered into the tank which feeds the filter 
and is discharged with the filtered tailing. By this means the con¬ 
centrate tailing is reduced to a value nearly equal to that of the regular 
mill tailing. The process is interesting and unusual. 

Use of Heated Solutions. —Operators universally agrc'c that the 
extraction of silver from the Tonopah ores is increascnl by heating the 
solutions. The point to which this is carried is generally about 120'^. 
There seems to be no difference of opinion on this point and all the mills 
are doing this with good results. The question naturally occurs as to 
whether the Mexican operators have been overlooking anything in th(‘ 
matter of heating solutions. I have seen the scheme tried several times 
and made experiments on it, but without any beneficial result. That tins 
is not unusual will be shown in a later paper, when I will call attention to 
another silver mill whicJi has made repeated experiments and found no 
increase of extraction through heating tlie solutions. Still, this is a 
point which ought to be workcnl out for each particular ore, no general 
rule governing it. 

Heating solutions seems to have no effect whatever on the extraction 
of gold. This means, of course, solutions of normal temperature, as 
extraction of both metals falls off in abnormally cold solutions. 

The use of lime and lead acetate at Tonopah does not vary widc'ly 
from accepted practice at most other camps. The addition of these 
materials varies, and the practice is governed principally by convenienc(‘. 
The filters in use at Tonopah are all of the stationary vacuum, type*. 
The present condition of the filter problem makes it advisable for dis¬ 
cussion to be postponed until there shall be more liberty to publish 
statements. 

Calculation of Extraction.— At Tonopah, as in most of the mills at 
the present time, the calculation of extraction is performed by using tlie 
content of bullion produced plus the content of tailing discharged as the 
value of head samples. Some of the older operators look with envy on 
the mill men of the present day and think of the monthly recurrence of 
attacks of heart disease that came with the attempt to reconcile pro¬ 
duction and tailing content with head samples taken at or before the 
batteries. Extractions of 120% were not unusual in those days, nor were 
drops to 60 and 70% unexpected, but the mill man was continuously in 
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hot water about it, particularly if he differed with the general manager 
about the accuracy of the head samples. This later method is much 
simpler and tends to avoid worries. At the same time it is hard to agree 
with a method of solving a problem by means of which any answer is 
the right one. I am anxious to have this matter discussed and hope that 
there will be someone kind enough to take it up and extract opinions 
about it. 


DISCUSSION 

Silver Cyanidation at Tonopah—^III 

In Mr. Megraw’s article, ^'Silver Cyanidation at Tonopah— 
in the Journal of Mar. 8, 1913, it is suggested that crushing in water 
might be accomplished without an additional or prohibitive cyanide loss 
if the pulp were filtered after grinding, introducing it into the cyanide 
plant at practically the same moisture contained by the residue on 
discharging. As the amount of water taken into the mill without 
building up the quantity of solution is governed entirely by the amount 
of moisture contained in the residue at the time of discharging, and can 
only be equal to this amount, the water added ahead of cyanidation would 
preclude the use of water for final wash. It would allow the discharge to 
go out containing 33% of standard cyanide solution, which is in our 
case three pounds per ton of ore. When the cost of dewatering with 
filters is considered together with the mechanical loss of cyanide, and 
the trouble and expense of again thoroughly mixing a pulp dewatered 
to such a point of dryness, the additional extraction above 94.44%, the 
average obtained by the Belmont. Milling Co. for the last eight months, 
it would hardly seem to be an attractive undertaking, even when con¬ 
sidering the cyanide which might be saved by crushing in water. 

As to the mechanical-stirrer type of agitator being efficient on silver 
sulphide ore, I will state that the type of agitator called the Butters^' 
was originally installed at our Millers plant and only a fair extraction 
could be‘obtained from it until a 6-in. air lift was added, taking pulp 
from bottom of the vat and discharging it over the top, in addition to the 
mechanical stirring. 

At the Tonopah mill where solution during agitation is kept at 100"^, 
the air for agitation is furnished by a steam-driven compressor and the 
exhaust steam is used for heating the solutions. As there is only 7% 
loss’between live steam at 125-lb. pressure and exhaust at five pounds, in 
heating efficiency, we can figure only 7% of cost of producing steam 
against agitating medium or method, so that if air were not beneficial 
to extraction, and I am of the opinion that it is, another method or 
medium could hardly be had at the same or lower cost per ton. 
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At the Millers plant where live steam is used for heating solution, the 
cost averages about 18c. per ton, while at the Tonopah plant, with, of 
course, a better equipment, heating and air for agitation together amount 
only to 12c. per ton of ore treated. 

The benefits to be derived from the heating of solutions used with 
Tonopah ores, are shown in the following tailing assays from tests made 
identically, except in temperature. They typify tlie results obtained in 
practical mill work. 

Warm solutions, 100® Cold solutions, 05® 

48 hr. 0.015 oz. An. 2.1 oz. Ag. 0.02 oz. Au. 3.8 oz. Ag. 

60 hr. 0.01 oz. Au. 1.4 oz. Ag. 0.02 oz. Au. 3.0 oz. Ag. 

I think that Mr. Megraw’s assertion that the addition of lead and lime 
in Tonopah practice is ^'principally by convenience” is a little broad. 
In this mill at least, the lime content is very closely watcluHl, it having 
been proven, not only by laboratory tests, but on a working scale, that 
extraction is very erratic, due to reprecipitation when either too high or 
too low alkalinity is carried. The lime is maintained betweavn 1 lb. a.nd 
1.5 lb. of CaO per ton of solution. 

The amount of lead giving best result is at all times sonu^what of a 
conjecture, but in order that it may not be understood that lead is added 
at random and that we have some fixed ideas, even though they may bc^ 
wrong, the practice and theory followed at this plant are here stated. 

It is figured that sulphur, alkaline sulphides, and other reducers have 
a retarding action and arc detrimental to the higlu^st dissolving i^owc^r 
of the solutions, and in order to keep alkaline sulphides under control, 
lead acetate is added to precipitate the lead sulphide. The amount used 
is determined by experimental tests with clean solution. 7jhw, in solution 
will act to a great extent, especially in hot solution, the same as lead, 
forming zinc sulphide, but is not as amenable to the combination as lead. 
If an excess of lead is present the zinc will tend to accuimulate in the 
solutions, and then the amount of lead is reduced, allowing the zinc to 
take care of the alkaline sulphides. In this way a kind of a balance of 
zinc contents is maintained. 

In regard to tube-mill lining, 14 tests, under varying conditions of 
feed and moisture, conditions in both mills being as nearly identical as 
possible at all times, showed an average of 5% more product of minus 
200-mesh with silex than with the smooth iron liner. 

In regard to El Oro lining, which according to Mr. Megraw\s Mexican 
experience is an improvement over all other linings, and which he in¬ 
timates has never been tried at Tonopah, I think he failed to go thor¬ 
oughly into what had been tried or considered, and why, in the opinion 
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of the operator, tlu' pra,(‘ii(‘<‘ hein^ f(yllowt‘ti is Im's! suitiMl to their condh 
tions. 

The Montana-Ton(>i)ali Miuiui*; (‘o. ivuM I'll liiu'rs, fimliug their 
life to be lu'twecai s(‘V(‘n and (h^’ht months, whilr the eost of the lining 
installed wa,s ovaa' t\vic(' that oi silox. At this plant th<‘ (‘ost of silex 
lining per mill, wlaai lining s(‘V(‘n mills, was as itdhiws: bubor at |4.5o 
per (lay, $42.25; (‘(ammt, 28 sacks at 81.035, 828.80: silox, six tons at 
142.80, $25().8(), or a total of 8327.04. 4't> Mar. 20, th(*s(‘ mills have 

becm in operation (‘ight month.s, crushing i:i,2ti0 t<ms par mill, or an 
average of 55 tons p(‘r day with (In* folhiwing a\cragc discharge wreen 
analysis: On l()()-m(‘sh, 1,33^ ;: on 150 nnvsh, 5.05% ; on 20()-nK\sh 
6.42%; through 200-in(*sh, tS7.20';. I'his is an average of 30 tn.sts made 
(luring eiglit months. 

To this (lat(‘ iioiu* of th(*s(‘ mills has had tu be relinefl, but it is figured 
that th(' first mill will hava* to la* lined in abuiit two wfeks and the (mtire 
installation during tin* n(‘xt t»() days. Allowing eight months, which 
is very good lilV for this style of lima', the cost compares nnyre than 
favorably with any availabh* figun*s of 1*3 Oro liners. In “A 'rc‘xtl)()ok 
of Rand Meta,llurgi(‘al lh*acfic(*.‘’ \’ol. II. p. I5I. the following statement 
is mad(*: ^‘Whih* tin* Kl Oro lim'r lias a hmger lift* than the sih^x lirmr, 
th(^ (li(T(*r(*ne(‘ is not gr(‘at (*nough to compensate tor the t*\tra eost.” 

In tin* original plans for our 'ronopah mill. rt»lls were siTiously eon- 
si(l(‘red by comparison of all data \o be lunl at tlmt time and were only 
abau(l()iu*(l aftx'r an (*x((mdt‘d visit to Mamunitli c 5*pper C‘o/s plant at 
K(*nn(‘tt, (hdif., w4n‘n‘ 273100 fmis of Helmonf on* were sampled m 
custom on* and crus!n‘d witli rolls. 3‘he exee^Hive wt*ar of roll shellB 
and total (‘ost p(‘r ton r(*sulting in tin* emim-ntlv conMervative installation 
of stanp)s. Tin* g(*n(*ral mnnng(*r of one of tfa* late large cyanide mill 
installations, wln‘n‘ rolls an* used, tohl tin* writm' afti*r six montliH' 
operation, that In* was .sorry stamps hml not been installed instead of rolk 

II. JoNKS. 

Tonopah, N(*v., Mar. 18, 1013. 


In this lettc'f, Mr. Joinns adds miuh* iuterenting laeiM itt the discussion 
of (‘yanidc* prohl(*ms and his .statements will be iii’eep'ti’'ii ns iiiithoritiitive 
on 1 onopali pra.ctic(‘, l‘^xcH‘pt in those tnstanees where he has mkin- 
t(*ipi(*t(*d tin* m(*aning <)f my remarks, wt^ art* siifiHtantiailv in iie(*ord, 
R(*garding (‘rushing in water, I agree with Afr. Juip's* reaHoning. 
In my artitdc*, tin* nnitter is nderred to in a way and not as a 

r(K*omm(‘n(latiom lb*ferenee to the artiele in (jiie'4ion will show* this. 

I in* rcuuarks on agitators and temperature of treaiiiiiiit sotiitions are 
interc'sting addititms to I lie general <laln e»ii Ti,iiiti|tiiir|tractice. 
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Mr. Jones^ objection to my remarks referring to addition of lime and 
lead acetate is justified by his misinterpretation of the text of my article. 
“Principally by convenience” referred to the method of addition, not 
to the quantity of the chemicals used. 

Regarding tube-mill lining, it seemed worth while to call attention 
to the difference between practice at Tonopah and in Mexico. I did not 
attempt to convey the impression either that the El Oro lining was the 
best, or that it had not been tried at Tonopah. What I wished to say 
was that it is not considered the best in Tonopah and is not in use there, 
although it has been proved by repeated tests to bc' best suited to condi¬ 
tions in some other districts. 

Stamps versus rolls may be the subj(‘ct of intc^resting and lengthy 
discussion. I hope that Mr. Join's may Ix' inducixl to publish the facts 
and figures which led to tlie decision in favor of stamps at tlu^ lielmont 
mill. Some others have adopti'd rolls and do not announce any regret. 

H. A. Megeaw. 

New York, Mar. 24, 1913. 


Crushing Tonopah Ores 

The following data ri'lative to (pushing Tonopah, N(vv., ore by rolls 
may be of interest in the discussion of the su])je(d invited by H. A. Megraw 
in his article, recently pul)lished in the Journal. A scvt of 10X3()-in. 
Allis-Chalmers rolls was among the equipmcmt of the crushing and 
sampling department of the Dessert Pow(‘r & Mill Co, Tlu'sc rolls wore 
in operation four years, from December, 1906, to January, 1911, and 
during that time reduced 29,873 tons of ore, which was 5% of the entire 
tonnage, cut out by a Snyder sampler. The roll feed was the same as 
that going to the stamp batteries, varying in size from slime to pierces of 
ore 2 in. in diameter, this size depemding upon the condition of the 4D 
crushers. The maximum size of the roll product varied between | and f 
in., depending upon the opening l)etwe(ui faces of the rolls. Howcwi^r, 
usually the reduction would be aliout 50%. The average time run per 
day was 5 hr. for a total of 1195 days in operation. 

The power is estimated at 10 hp. and on that basis would amount to 
a total of 44,573 kw.-hr., which, at $0.0152 per kw.-hr., gives the total 
power cost $677.52, or $0.0227 per ton of ore reduced l)y rolls. It is 
estimated than one-fourth of one man’s time at $4.50 per 8-hr. shift, or 
$0,703 for five hours, a total of $840.09, or $0.0281 per ton, is a fair 
allowance for the labor of operating the rolls during the 1195 days. 
Roll shells were refaced in a lathe and five changes were made; 2| sets 
were worn out during the period of operation. The roll shells weighed 
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757 lb. each, so that the total consumption of steel amounted to 4163.5 lb., 
or 0.14 lb. per ton of ore reduced. The rolls were operated at 103 r.p.m., 
which gives a peripheral speed of about 800 ft. per minute. 

REPAIR COST FOR ROLL OPERATION 


Labor changing rolls @ S20.00, per set. 

10 roll shells turned, 6 hr., each @ 69 cents per lir. 


. . . $100.00 
... 41.40 

77.20 

80 it. 01 lU-in. ueib yo .. 

General repairs to feeder, belt liners, etc. 

8 bearings babbitted @15.00 for labor. 


... 100.00 
40.00 
80.00 

Cost 01 DaDDlt {Qii ^iU.Uu .. 

2i sets of shells @ $146.62 per set. 


... $403.20 

'Tr.+ nl . 


... $841.80 


SUMMARY ' 



i 

j 

Total 

Per ton 
reduced 

Repairs and upkeep.| 

Labor of operating.. 

$841.80 

840.09 

077.52 

$0.0282 

0.0281 

0.0227 

Total.1 

$2859.41 

•10.0790 

It will be noticed that some of the altove fifrnrcs are based upon 
estimates, but it is believed that the estimates ar(^ liberal. I have had 
the impression that rolls can be used to advantagti in the milling of 
Tonopah ore and am of the opinion that a thorough t(‘st and comparison 
would show a saving in initial cost of installation as wc'll as in operating 


expense, and would welcome the publication of tlio figures obtained by 
A. H. Jones when he was investigating the subjetd of roll crushing before 
stamps were decided upon for the new Belmont mill. 

II. Parsons. 

Monrovia, Calif., May 13, 1913. 


Calculation of Extraction 

In the third article on Silver Cyanidation at d'oriopah,^^ by Herbert 
A. Megraw, in the Journal for Mar. 8, 1913, there is expressed some 
doubt as to whether the method of calculating (^xtra(d.ion is better than 
the old system based on samples of the mill hcuids. We are familiar 
with the trouble between the millman and the gcmcTal manager when 
the head samples'indicate extremes of extraction varying from 70% to 
120%, but it is my opinion that the fault lies not in the mill, but in the 
assay office. 

When treating a gold ore it is possible, due to tlie slight mixing the 
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samples r(M*.(viv(‘ in (vrushin^ from IJ in. to th(' size that will pass a GOrmesh 
screen, for a parti(‘l(^ of gold tlu' siz(‘ of tlu‘ scream oixaiing to pass in excess 
into the final assay sa,mpl(' or to be retardeal and tlirowii away witli the 
discard, causing an apprecial)le error in eitlu^r case. 

A ()()-mesli l\yler screem has an opening of 0.221 mm., and the cube 
of this aperture is 0.01079 (ui.mm. Assuming the gold in the ore to be 
700 fine, silver, 250, and l)ase, 50 (sp. gr. 7), then tlie specific gravity of 
the gold as it goes into tlie assay will l)e .16.61, and tlie value of the 
same per oune^e, $14.62, wlien the silvan* lias a value of $0.60 per oz. 
The weight of one of th(‘ cubi(*al ])arti(des of gold tliat will pass a 60-mesli 
screen would lie 0.01079 X16.()1, or 0.1792 mg. For assay 29,166 mg. is 
taken, and if' a i)article of gold the size of the aperture ])asses in excess 
into the final assay samph', or is nd'-arded with the discard, there is 
0.1792X14.62, or a vnhw. of $2.62 difference from the true assay, repre¬ 
senting .26% on $10 ore. 

In an all-sliming plant the s(n*(‘.en tests will usually show aliout 80% 
through 200 mesh, 19 to 20% on 200 mesh, and 1% or so on 100 mesh. 
The tailing samph^ is c(^rtainly more intimately mixed in its passages 
through laund(n*s, agitators and filters, than would bo economical!}^ 
possible for tlu^ lunid sarnph^ P'or comparison I sliall assume tlu^ 
cul)ical size of the s(n*(nni o[)ening, although it is certain that with effectives 
treatment the metal in tailing is not fully exposed to the dissolving 
effect of the (syanide solution, but exists in the grains of (piartz or sulphide 
in quantiticss much smaller than the inclosing grains. The cul)ical 
opening of a d'yler 200-mesh sesreen is 0.0004052 cu.m., and its wcnglit, 
if a gold (ml)e, 0.00678 mg., with a value of $0,098, 80% by weight 
being taken as througli 200 mesh, the value affcKding tlie sample is $0.0784. 
The (iul)ical opeming in a lOO-rnesh screem is 0.002744 (ui.mm., and its 
value is $0.()7. This, with 20% of the sampler on 100 mesh, gives a value 
which may affect the final result of $0.18. The small iiortion on 100 
mesh, all of which will pass 80 mesh, cannot ac(^ount sfor a difference of 
more than $0.01. The sum total giving a value of.$0.22, which would 
have an effecit of only 2.2% on extraction. 

Having shown the value of the particles, it would not be amiss to 
show tlie number of sand and gold particles in each case, and their 
proportions. The specific gravity of tailing being aliout 2.6, the weight 
of a cubicuil particle tluit will pass a 60-mesh screen is 0.01079X2.6, or 
0.02805 mg. In one assay ton there are 1,039,809 possible particles of 
this size. In ore assaying $10 and bullion worth $14.62 per oz., we have 
0.684 mg. in one-assay ton, whidi divided by 0.1792, gives 8.817 particles 
of gold. Having 3.817 particles of gold that will pass the 60-mesh 
screen, there will be, to complete the assay ton, 1,089,785 particles of 
sand. 
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In the case of the slime the value is assumed proportional to the 
screen tests by percentage. With a total value of $0.50, the value of 
the minus 200-mesh material is $0.40, and the weight 25,332.8 mg. The 
weight of a gold cube equal in size to the aperture in a 200-mesh screen is 
0.00673 mg., and $0.40 represents 0.02736 mg. Therefore, there are 4,065 
particles of gold, and, consequently, 25,327.735 mg., exclusive of the gold. 
Then 25,327.735 divided by 0.0001052X2.6 gives 24,083,772 particels, 
exclusive of the gold. 

With 19% on 200 mesh, the weight is 5541.5 mg., and the weight of 
the gold cube the size of the screen opening is 0.04558 mg., giving actually 
0.1462 particles of gold in this part of the sample; 5541.54 mg., minus 
0.0065 mg., gives 5541.5335 mg., which, divided by 0.002744X2.6 gives 
776,734 particles, exclusive of the gold. 

On 100 mesh there is 1% containing $0,005, and weighing 0.00034 
mg., the cubical opening of an 80-mesh screen is 0.005178 cu.mm., and 
the weight of the same cube of gold is 0.0756 mg. Therefore, 0.00034 
divided by 0.0756 gives 0.0045 particles of gold, which may remain on 
100 mesh. There are then 291.66 mg. minus 0.00034 mg., or 291.6596 
mg. of sand, and 291.6596 divided by 0.005178X2.6, or 21,664 particles 
besides those of the gold. 

To sum up these facts, we have, in heads, 3.817 particles of gold, 
and 1,039,785 particles of sand, or a ratio of 1 to 271,800, and in tailing 
4.2115 particles of gold, and 24,882,170 particles of sand, or a ratio of 1 
to 5,908,000. From the ratio of gold particles to sand particles, the 
chances of having an error in the head sample as compared with the tail 
sample is about 21| times as great. 

Of the usual head sample only one is taken, while with tailing a sample 
is generally taken from each cycle, at least four samples a day, and any 
discrepancy in one is partly compensated by the assayer when he takes 
the mean of the four. 

Tons stamped, and tons discharged may not be the same, but under 
proper operating conditions the results over a period of 12 months will 
not indicate enough of a difference to justify a suspense account. 

Providing there are no mechanical wastes of slime or solution, except 
in the regular filter discharges, then the value of bullion, plus the value of 
tailing discharged, divided by the number of tons treated, should give a 
closer true value of each ton of ore than the older methods. 

A. G. Cadogan. 

Puntarenas, Costa Rica, Apr. 25, 1913. 


In the JouENAL of Mar. 8, 1913, H. A. Megraw, in his article, ^'Silver 
Cyanidation at Tonopah—III,'^ states that in most of the mills there, the 
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calculation of extraction is performed by using the content of bullion 
produced plus the content of tailing discharged as the content of head 
samples. This, no doubt, is excellent from the })oint of view of the 
millman in charge of the plant and doubtless saves him much worry, 
but from the point of view of accuracy it leaves something to l)e desired. 

There may l)e serious errors constantly o(icurring, which, with the 
above-mentioned method of calculation, would never be suspected. 
Quite consideral)le quantities of bullion might be stolen and no one be 
any the wiser. Moreover, there is no way of finding out if there is any 
serious unnoticed leakage in the plant. 

No doubt the assayer can be checked with dupli(‘.ate samples, but the 
greatest test on his work and on the tonnages (uilculation is whether the 
output of bullion tallies with the theoretical quantity rcHpiired. With 
careful work tliere should be no reason why tlu^ l)ullion output; should 
not check within reasonabh^ limits. This gives satisfaction to (vvery one 
concerned and then, should there be any serious discre|)an(hes, the caus(^ 
will probably be noticHxl almost at once, wheia^as with an adjusted method, 
such as that used at Tonopah, th(n-(^ c.im only Ix^ an accumulation of 
error. 

The fact of (^rushing in solution (iomplicates the mill-head sample 
slightly, owing to m(d*.al being dissolved while in the mortar l)ox, and also 
by the bullion content of the cyanide solution in circailation. However, 
a fair sample of the mill-head can be obtained from the pulp on leaving 
the mortar boxes. If. this is assayed, and also tlui solution before and 
after it comes in contact with the ore, the proportion of solution to ore 
being known and its Imllion content allowed for, the original contcait of 
the ore can easily be calculated. The pulp, of course, will have to b 
washed before assaying. 

Extractions varying between the limits of 60% and 120% are cer¬ 
tainly annoying, but this sort of thing is almost inevitabk^. Howevvor, 
these variations only happen from month to month and the important 
matter is wliat the annual result is going to bo; tlie monthly reports are 
only to see how the production is progressing. It stands to reason if 
for several months an unusual (luantity of bullion is taken from the zinc 
boxes and extra zinc acided, which usually happens at the end of a 
financial year in order to balance accounts, that the actual production 
for those months will be in excess of the theoretical. 

Later, owing to less short zinc being present in the boxes, the bullion 
distributes itself ovov a larger proportion of long zinc tlian usual, with 
the result that not so much bullion is cleaned up and there is an apparent 
shortage. Conversely if there is an apparent shortage of, say, 20% on a 
90% extraction, if calculations are correct and there is no other source 
of error, there is no reason why a month or two later, taking the extraction 
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n,s IMl^A I lH‘r(‘should !iot l»o an act uai t*\t nod i(»u of 1 10^;;,, making 

U[) for ihv original 2(P , loft in Iho ho\t*N. Ahiait th(‘ ufaldlo of the 
fmaJK'ial ytnir, tli<‘ hoxi‘s would Ih^ in normal <‘ondilion and oue would 
oxpcud. tlu^. lh(M)r(‘iit‘al and actual extractions to he al>out tla^ same. 

Taking tlH‘y(‘ar liU2 at the Mijnhouw Maatschappij lu^tahoon^ the 
t*ya,uid(‘ plant irt^atcul I7..VA7 of ore with a total t^onimit of 7HU).? oz. 
gold for a lluMMuditail <‘Xtra««th»u of SS.7^, . calling for hdoO.ao oz. The 
a(d.ual gold r(a*ovi‘r(‘d wats <)M2 .k22 o/,.. <tr an actual e\lrat*tion of 
iho diftercaicc' being 2o.Ti o/. d'he silver called ha* was 11^815.46 oz., 
wduTC'as H),22l,4(> (>z. wtua* recoviuaal. a '^hortagi* of Hi oz. 

Monthly actual t‘xtra(‘tic»ns varieil hetwe*at AH.A', and 123.3%. 
ddiis has also he<‘U tin* iutse for tin* years ItHMI. ItHO atid HH 1 wi|h 
(‘(pnilly cloS(‘ y(\nrl\' results. 

i Inn nun Si\tasoN% Ja. 

MijidM)U\v .Maatscdiappij Ketalioen. 

L(‘hong »So(dit. lienkoelen. Sumatra. 

May h IHld. 


An articha by Ilerbtal A. Mtairaw. m i!ie Jm n\\n of Mar. 8, on 
“Silvia* t 'yanidation at I'onopah lU.” has just come to my notice and 
I arn somewhat surprise! tc» learn fhaf tlie meflmd of lailculatum of 
(‘xtraction referred to is in tini* in anv of nur ’* up t<i the-ininuttsin- 
eflii'icney’' milling idants» and 1 am inclined to at onee agree with Mr. 
Mogravv that tire qm*stion of smdi imdltod should l»f* diseussed. The 
estinudion of milbhead ismtents by adding bullion eontent to tailing 
(’onieut and dividing by tonnage, is not a mettiod worthy of a metab 
lurgist, and, as Mr, Megrnw sf» fitimglv puts it. n. eii'lainly ''a nndiiiodof 
solving a. prohleni hy means of whieh anv answer ih the right one.’^ 

Snell midhodsare not. I helii*v*% ui giuni'ai innv but are Iteing inontly 
UHcul Iiy o|>eratiirs for stock eompanieM. Then* ari^ two elnsses of intning 
sharidioldin's: those liolding shares an an income .^gHiiiiiig investment, 
and t-hose liolding them for the purpo-^f* n! Hpeiniiafioti, Dividend- 
recaaving shareltolders do not exact high**--! effnueiicy. Tlif\v arc glad 
to get a dividend instead of un nsHv’^mirul ami Hi-lihiiii question tho 
methods, Tliose hohling .*^hareH for ^tnrk e*prratiitg art* not interested. 
If the mine is paying its way, wiifi an oee-cuoiial divii|f*iiih ihadiircd at 
the right time to Htimulate n dull market, ipifiuiig more is i*xpectcd or 
wanted. However, from an eiigineertH ^Uamipoiitfor from it hiisinesg 
miuds standpoint, the system ieavi**4 miicfi f«f b»* drsiri*»i 

Not only is the system referred to ihi* -^oiiria^ of uincciirafe Htalemcrita 
cand llcditioiis results, but it is uiiHrieniific ami iiiibiisiiir*'tstike, iirifl tcpcis 
to show II lack of iiiorid eoiintifi* on fhe u.ari nf fin* widl-imid siMicifliktS 
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ill (4uirg(^ of ()])(u*ati()MH. Advocates of the systinn will claim that they 
arc continually watc.hing rcvsults and working toward better extractions, 
and that they get everything possible out of the ore anyway, so why 
undertake additional work which would result in no benefit and only 
confuse the records. How do they know they are getting everything 
possible out of the ore, if they do not know what the ore contains to start 
with? They tell l)y the tailing assays; if these are low they assume results 
to be correct. How do they know that the bullion recovered is the true 
difference lietweiui head and tail content? Tailing content may bo low 
and still the bullion produced may not represent what should have been 
recovered from the ore, or perhaps what really was extracdiod. Losses 
may occur through carelessncvss, faulty treatment, or dishonesty. Tliese 
losses, which may amount to much, are entirely unguarded under su(‘h a 
system. 

If an operator is afraid of his mill head, wliy is he not afraid of his mill 
tailing? He prol)ably is not afraid of either alone, but does not care to 
meet botli together, particularly when he ii^ standing between themwitli 
the brick.^^ There is no reason why the tailing sample or assay should 
be more relial)le tlian the head sample or assay. In many cases, it is 
much less rc^iabh^ Who ever heard of a (jorrect tailing sample during the 
time anything was going wrong in the mill, especially when there was no 
record of heads? How can tonnage represented by tailing samples bo as 
ac(iurately (‘stal)lish(Hl as tonnage rei)resentcd by head samplers? In 
cases where sand and slime are treated separately, the calculation of 
proportionate tonnage increases such inaccuracy. 

When the head content is known, an efficient system of solution 
sampling will check both bullion and tailing, but when tlie head is un¬ 
known, tins will only clieck the bullion. It is true that bullion plus tailing 
content is (iqual to the head content if no losses or (errors occur, but they 
do occur, and lienee the formula instead of being B T = //, should 
be writtem B + T + L == H, But // and L being lioth unknown 
quantities, ^Lany answer is the right one.'' 

By having the head assay, precipitation record from solution assays, 
tailing assays and correct tonnage record, results are positive and any 
discrepancy represents loss or error, the two most important things the 
metallurgist is paid to guard against. He is not necessarily careless or 
incompetent when sucli discrepancies occur, but displays his ability when 
he finds and removes the causes for such losses or errors. Having no 
head assay, it requires no al)ility on the part of the metallurgist to keep 
his records free from discrepancies except that he must be able to add 
correctly. 

By one method the treatment is controlled or regulated by a knowl¬ 
edge, before treatment, of what is being treated. By the other method 
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l,h(! (,n^:i(,nicul. is coul.rolh'd or li.v a kiinwlcdfra, affar lia'utment, 

of whiit was trc'idcd. By oiu' iiaAliod tin- opi-rator is alilc to arniufro his 
trcatinKMit so as to staaiia* tho Itosi ro-'^ults, i>\ tlu* oflua" lio nia.kt*s a pjuess 
and t.luai, iiftor (rcalnaad. is finished, ho dotonninos liuw far !u' was off 
and inakc's liis answaa- rifiiit iiy til tins liis orisiual prol.loin (o it. He 
novor (loos know wliat jtor oont. oKtniolion is lu-ins niado (a §2 tailing 
may Ix' thi^ vosult of bettor per oont. oKlr.aotion than a. .si tailing), not 
that it. mak(‘s any mati-rial ditYoronoi-, as tho aidua! amount of bullion is 
tlio main thing, but ho reports his poroonlagos just tlio saint'; how? 

Thomt'thod is also unfair to the mint'. Tho mill loops its rooonl clean 
anil all contained values that eomo to it are aei-otmtoil for anil reported 
either in bullion or tailing, but the mine must stand its own loH.ses as 
well as tho.se of tho mill. Tho niino may lio soniling .v2l) oro to the mill, 
but the B + T systom may mtly show .si.s a> mill ho:id, which is all the 
mill will ai'kuowleilgi' roeeiving. W hat booonios of the .S'i? Where is 
it (diargi'il? Who lo.ses it? It tlutlors alunit unai'oountetl lor, tor tt 
time, anil then liiially .settles j mow nod and unnotiood in the little nest of 
“shrinkage of [ireviously estimated ore rosorv os.'’ shown in no ri'iiort, a 
most convenient hiding place for itiaecurarios, Inssos and results of the 
inefficient method of “ealeulatioit of ostraoiions," If a careful in¬ 
vestigation were made into the cause of disi'ro|iancios in mill results, on 
account of which this "any-niiswor is the right one" method has been 
adofited, it will he found that an incorrect tonmigo roconl is a greater 
factor in the matter than will bo generally eonoedod. 

A. Sui\KV .AnnrroN. 

Han Francisco, <'alif., .lime 11, Itild. 


'I’he custom of using the content of bullion produced plus the content 
of tailing discharged as the vulm' of the teed in milling operations, as 
stated by Mr. Megrnw in the .lot nsai. of Mar. s. Ittld, easily accounts 
for the high percentages of extraetiou frequently reported, t h'ra.sioually 
more reasonahle estimates' ma,\ be found m the reports published by 
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it is therefore undesirable to make use of this formula. Ashcroft "The Flotation 
Process,” "Trans.,” I. M. M., 1912, and "Eng. and Min, Journ.,” Dec. 7, 1912, p. 
1085. 

large mining companies working low-grade ores, as such companies 
generally make use of sampling devices and employ their own assayers, 
but no calculation into which the assay value of the tailing enters can be 
of value because, under working conditions, it is impossible to ascertain 
directly the real value of tlie tailing. 

From the moment concentration commences the water made use of 
carries ^off mineral of value, and this continues all through the process. 
The amount of floating mineral will vary with the fineness of division of 
the particles, degree of concentration, amount of water used, and in¬ 
clination of the tal)les, or with the rapidity of concentration. The 
efl’ect of those circumstances is to cause the settled tailing to be invariably 
of lower assay value tlian if there were no float. 

The sul)ject of extraction percentages is one which occupied my 
attention for several years, owing to my having been engaged by a 
mining company to carry out investigations with a view to ascertaining 
the amount and manner of loss in the wet concentration of silver ores. 
No trouble or expense was to l)e spared and ample opportunity was 
afforded to make (experiments on whatever scale seemed advisable. 

To estimate the extraction it was clearly necessary to know either the 
correct value of the mill feed or of the tailing. To obtain the tailing value 
was difficult on account of the constant loss in the overflow and the 
impossibility of collecting the whole of the material under ordinary 
circumstances of working, and it was therefore decided to depend on the 
assay value of the feed. 

During the tests, samples of the settled tailing were taken and 
assayed, but in no instance did their value agree with the theoretical 
value obtained by difference. Their value was invariably lower and 
the difference greater with higher degrees of concentration. At first, it 
was supi)osed that some error had been made in sampling or assaying, 
and check samples were taken and assayed, but these only confirmed the 
low value of the settled tailing. In the opinion of the operators, the 
water only carried off the more soluble portion of the waste. It seemed, 
however, that the mineral accompanying this might account for the low 
value of the settled tailing. After this, a number of tests were made to 
ascertain the (extraction in jigging,- in sand treatment, and in (ioncen- 
trating slime, by concentrating in the usual manner about 10 tons of ore 
in the same condition as fed to the different machines, it being possible 
in concentrating a moderate quantity of ore to collect the entire tailing in 
tanks. As a result of many tests it appeared that the percentage of 
floating material was proportional to the fineness of the partich^s treated 
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and that its value was more than twice the theoretical assay value of the 
tailing. Thus, the discrepancy between the theoretical and actual assay 
value of settled tailing was accounted for. 

The tests referred to were made with the same care in weighing, 
sampling and assaying the ore and products of concentration as would 
be exercised by a smelter purchasing ore, and were under my constant 
personal inspection, the object being to arrive at the actual rate of loss 
per degree of concentration of value in each ^ of the three operations 
mentioned. The assumption was that with this data it would be possible 
to calculate with precision the probable results to be obtained in con¬ 
centrating ores of different assay value to different degrees of value, 
by the methods of concentration made use of at the establishment under 
consideration, without the necessity of weighing the feed or the tailing. 

Loss in concentration appears to arise from: First, the unavoidable 
loss characteristic of the particular ore concentrated, arising from the 
degree of natural concentration of the value in the gangue, its combina¬ 
tion with various sulphides, and the nature of these; and second, the 
degree of division of the particles, which is the main cause of loss. 

Some minerals are more friable than others, but the percentage of 
mineral to gangue is so small that it would not materially affect the general 
friability of the mass, and it may be assumed that ore of different minerals 
will crush in a similar manner and that the effect of division would be 
similar, although the float slime might be of higher value with friable 
ore. Hence, the weight of float arising from a certain degree of crushing 
an ore may be taken to be a measure of the percentage of float in crushing 
any ore to a similar degree, and this appears to be confirmed by the few 
examples which it has been possible to obtain. 

The accompanying scale of extraction percentages obtained in 
concentrating a silver ore, crushed to pass a 30-mesh screen, aperture 
0.0166 in., will illustrate the application of the results of some of the 
tests made. The silver was associated mainly with iron pyrites and a 
small amount of blende and occasional small quantities of galena, and 
occurred as pyrargyrite and in combination with copper (fahlerz). 
The matrix was quartz of average hardness. 

The extraction by formula based on the assay value of the settled 
tailing was 4.2669% at 2: 1 concentration, and 18.3545% at 12: 1 con¬ 
centration, in excess of the actual extraction. 

It will be observed that the difference in the assay value of the 
settled tailing and the total tailing is so small in low degrees of con¬ 
centration that, with ores of little value, it might escape attention 
unless great care were taken in sampling and assaying. 

The method adopted for finding the percentages of extraction and 
loss incurred, weight and value of concentrates, and tailings, for any 
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degrees of coiKJcuitratiori or value of feed, according to results obtained 
carefully made tests, was as follows: 
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The total possible loss being 100%, the loss due to different degrees 
of concentration of the values will be proportionate percentages of this 
loss according to the degree of concentration: 

PERCENTAGE OF LOSS IN VARIOUS DEGREES OF CONCENTRATION 
Degree = % of total loss Degree = % of total loss 


0=0 

9=88.28 

2=50.0 

10=89.06 

3=62.5 

11=89.84 

4 = 75. 

12=90.625 

5=78.125 

13=91.41 

6=81.25 

14 = 92.19 

7 = 84.375 

15=92.97 

8 = 87.5 

16=93.75 


To find the total loss, first divide the assay of the concentrate by the 
assay of the feed to find the degree of concentration, then by means of the 
table find the relative percentage and, from this, the total loss. When the 
total loss is found by means of a test, the loss in concentrating similar 
ore of any assay value, and in a similar state of division, may be found, as 
it will correspond to the percentage of the total loss for that degree. 
In this manner the percentage weight of tailing and concentrate may be 
found and the actual value of the tailing. 

The total loss may exceed 100% when the rate of loss is great, due to 
water used in concentration being excessive—or there is a reversal of 
concentration. 

A knowledge of what the actual value of the tailing may be at different 
degrees of concentration is of great importance, as concentration may be 
carried to such an extent as to become negative, that is to say, the discard 
will be of greater value than the feed, owing to the tailing increasing in 
value in proportion to the degree of concentration. The first tailing 
discarded, up to a concentration of 2 : 1, is the largest in amount and the 
least valuable. After this it becomes richer and less in quantity; this, 
however, is liable to pass unnoticed, as the amount being small in com¬ 
parison with the first tailing, the average value of the whole of the tailing 
is not greatly increased. The followdng example of concentrating cop¬ 
per ore, sand and slime, with bubbles wdll illustrate this: 


Degree 

Tons 

Tons 

of 

concentrate 

tailing 

concentration 

% 

% 

2 

22.56 

77.44 

4 

4.42 

95.58 

8 

0.495 

99.505 


Extraction 

IjOSS 

Average value 

% 

% 

of tailing 
units 

45.12 

54.88 

7.0868 

17.68 

82.32 

8.6127 

3.96 

96.04 

9.6518 


The unit has been taken as 10 for feed. 
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In this scale of concentration the total loss found by experiment was 
109.76%, so that there was a reversal of concentration at some point. 
Concentrating 22.56 tons to 4 : 1 would produce 4.42 tons concentrate 
with 18.14 tons tailing at 15.127 units, but concentrating to 2.5 deg. the 
tailing would be worth 9.463 units, the limit to which concentration could 
be carried without reversal. 

In the vanner treatment, the total possible loss, found by experiment 
was 106.66, about the same as with the buddies; consequently it was not 
possible to concentrate beyond 2.5 degrees in either case. The con¬ 
centration, however, was carried to 4.9471 degrees by vanners and 
2.6277 degrees by l)uddles. The combined concentration was, by jigs, 
12.734 degrees, extraction, 57.095%; by vanners, 4.9471 degrees, extrac¬ 
tion, 17.589%; and by buddies, 2.6277 degrees, extraction, 36.545%; 
and combined, 8.4692 degrees, extraction, 69.575%. Assuming the data 
given to l)e correct, the tailing would have an average content per ton, 
0.70443% copper, of which, acciording to the loss in float resulting in 
tests of silver ores, 35% of the weight of tailing would have been carried 
off with 57% of the calculated contents of same, and the value of the 
settled tailing would have become reduced to 0.46594% copper, equal to 
a reduction of 0.23849% in the percentage value. 

Calculating tlie percentage of extraction by the formula, with valuer 
of settled tailing 0.4659%, an extraction of 80.10% would be ol)tained or 
15.127% in excess of the actual combined extraction. The excess, how¬ 
ever, would be much more in calculating separate recoveries by vanners or 
buddies. 

The relative extraction l)y the different machines at the same degree of 
concentration was: Jig, 76.48%; vanner, 46.67; huddle, 45.12%. This 
must not be considered as a measure of efficiency but, if anything, a 
measure of the fineness of division of the particles. The float percentage 
on the tailing was: Jig, 10 to 15%; sand tables, 30%, due to a portion 
being reground; buddies, 45%, due to nearly all being reground. 

A single test was not found to be sufficient as* a test of the recovery or 
of the amount of float occurring in the operations of a mill, l)ecause, in 
working, l)uddle heads are sent to tables, and table secionds and slime 
go to buddies, and these combinations alter the conditions. It was 
found that the regrinding greatly increased the loss and this without 
doubt was the main cause of lower results being ol)tained under working 
conditions than in single tests. The main loss arises from float whatever 
machine is used and tliere appears to be little chance of overcoming this 
difficulty. The great loss of tin slimes in Cornwall is evidence of this— 
but it may be possible to improve extraction l)y paying more attention 
to coarser crushing and jigging. It is not sufficient to infer from observa¬ 
tion only that an ore requires to be crushed fine to obtain the best results 



152 


DlO'l'AILS OF OVAXIDi; I'HAOTIC’K 


in ilis <!()uc.(‘ntnili(iii and the (xissihility of oldainiuf>- iH'lfcr rcsuH/ f. 
coarse crushing may well repay the froul.h- of eand'uliy asecrlaiiuL\T 
most favorahh' decree of erushiiiK in eacii ease, as evim adj.-ieeiif ^^ 
vary miieli in (he natnra! eoneeiilralion of their allies. \Vi(j, 
ores, till' tailing is liardly ever of hiwaa- value tliaa Ss. pia- ton- 
queutly, every ton of wusti* picked out l.y hand hefnre euneentrafi*'*^' 
results in a considi-rahli' saving, as it raises the value of the reinaindw 
thereby redueiiiK the de>>;ree of eoinaaitralion re(|uired and, at (he si ! 
time, n'duciujj; the loss in treatment of the ivhole. ^ 

NN'h.i.iam S. \Vi.;i;roN. 


London, lOnj?., Apr. S, lit Id. 


CHAPTER XIII 


THE NEVADA HILLS MILL, AT FAIRVIEW 

The plant of the Nevada Hills Mining Co. is situated at Fairview, 
about 45 miles southeast of Fallon, Nev., the nearest railroad station. 
Due to the lack of immediate railroad communication the entry of 
supplies is slow and somewhat expensive. A line of automobile stages, 
however, makes passenger and mail transportation more easy and 
simple. The situation of the plant, so far removed from the railroad 
point, makes the obtaining and retaining of competent labor somewhat 
difficult. The fact that the company is the only one operating actively 
in the district does not help matters in this respect, and it is stated that 
the labor question is one of the important ones to be handled. 

Varied Character of the Ores. —The ores milled at the Nevada Hills 
mill vary in both character and hardness, but on the average may be 
said to be somewhat harder than the usual Nevada silver ores. In 
character they vary from clean, easily treated mineral to complex 
deposits, which give some trouble in l)eneficiation. The oxidized ores 
contain a certain quantity of manganese and are generally more difficult 
to cyanide than the sulpliides, an extraction of 87% being usual on the 
former and on the latter 94% or more. Calculating on a basis of the 
average mill run an extraction of 92% is obtained. The mill treats from 
120 to 140 tons per day, depending on the character of the rock. The 
proportion of silver is about as 100 : 1, the ordinary mill heads averaging 
$20 to $22 per ton. 

The mill is situated at the shaft head, thus obviating transportation 
difficulties, the mine skips dumping directly into a bin at the head of the 
mill. The mill building is a steel-frame structure covered with iron, 
substantial and well built. 

Sampling and Weighing Plant. —The ore coming from the mine is 
dumped into a 300-ton bin from which it is fed to a Blake crusher, the 
product of which passes over a shaking grizzly into an elevator. This 
elevator lifts the rock to a sorting and conveying belt, where the waste 
is taken out after the whole has been given a spraying wash, to facilitate 
the sorting oi)eration. 

The original design of the mill included at this point an automatic 
weighing device and sampling plant, but both of these have now been 
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stated. The reasoning leading to the .abandonment of these steps is 
that the expense of operating them was more than any advantages gained 
from them. It is noteworthy that practically the same condition obtains 
at the mill of the Goldfield Consolidated, at Goldfield, where the ex¬ 
tensive sampling plant originally built was never replaced after its 
destruction by fire. 

Whether a sampling and weighing plant is worth its cost of installation 
is a question which seems to have been decided in the negative in recent 
years, although in former times such refinements were considered indica¬ 
tions of approximate perfection. The system of calculating extraction 
percentages by using the sum of bullion output plus tailing content as the 
content of ore entering the mill has rendered sampling unnecessary and 
weights can be approximated in some other more economical manner 
than by actually passing the mill run over scales. In speaking of the 
Tonopah mills I have already referred to this method and in writing on 
conditions at tlie Black Hills I mentioned the advisability of sampling 
and weighing plants for these mills. These later facts brought out 
by the investigation of farther plants will modify the conclusions made 
earlier, but even at this time I do not feel altogether convinced that the 
methods so universally used at the present time are the best ones. 

Methods of Calculating Extractions. —The arguments used by ad¬ 
herents of the latest method of cahmlating extractions are that even with 
elaborate sampling plants it is difficult to obtain an accurate sample; 
that even if acunirate samples are secured, they are liable to corruption 
through the inaccuracies of assaying, the fact being advanced that there 
is always a certain loss in assays and that the loss on the higher-grade 
samples, heads, is greater than on the lower-grade samples, tailing; and 
that the varying amount of metal contained in mill pulp and solutions 
makes accurate calculation an impossibility in any case. All these argu¬ 
ments, no doubt, have weight, although it does seem that some method 
of calculating a check could be devised. 

As concerns sampling and weighing, I am convinced tliat by using 
properly designed apparatus in the hands of competent operators an 
accurate sample is possible. And also that chemical science is not so 
limited but that an exact estimation of the contained metal in any sample 
can be made. As to the conditions within the mills themselves, that is an 
entirely different matter and a question not so easily solved. In the older 
style of mill where sand and slime are treated separately, the slime going 
through the mill in three or four days while the sand portion remains in 
process of treatment as much as 15 days, it is evidently impossible to 
calculate extractions over a short period of time, although if the period 
be long enough a fair approximation of accuracy should be obtainable. 
In the newer mills treating all the ore as one product, calculations ought 
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to be considerably simplified. In its present condition this question can 
hardly be considered definitely settled and I believe operators ought to dis¬ 
cuss it publicly and see if some satisfactory solution cannot be advanced. 

Chemical Consumption and Operating Cost.—The consumption of 
material is about as follows: Cyanide, 2.7 lb.; lime, 9 lb.; lead acetate, 
0.8 lb.; zinc, 1.5 lb. per ton; pebbles, 3 lb. per ton of ore milled. The cost 
of operation at the Nevada Hills mill is given completely in the accom¬ 
panying table: 

OPERATING COSTS AT-NEVADA HILLS MILL 


Crushing: 

Labor. 

Repairs. 

Power. 

Stamping: 

Labor. 

Repairs. 

Power. 

Concentrating: 

Labor. 

Material. 

Power. 

Elevating and separating: 

Labor. 

Material. 

Power. 

Assaying and sampling: 

Labor. 

Material. 

Power. 

Tube milling: 

Labor.. 

Material. 

Power. 

Settling and agitating: 

Labor. 

Material. 

Power. 

Continuous decantation: 

Labor. 

Material. 

Power. 

Filtering: 

Labor. 

Material... 

Power. 


$0,052 

0.003 

0.016 

Per ton 
ore milled 

$0,071 

0.106 

0.024 

0.117 

0.247 

0.087 

0.011 

0.021 

0.119 

0.042 

0.004 

0.025 

0.071 

0.134 


0.001 

0.008 

0.143 

0.040 

0.104 

0.149 

0.293 

0.105 

0.655 

0.062 

0.822 

0.020 

0.004. 

' 0.008 

0.032 

0.096 

0.028 

0.052 

0.176 
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OPERATING COSTS AT NEVADA HILDS UlJAr~~{Contwued) 


Per ton 
ore milled 

Discharging: 

Labor. 0.066 

Material. 0.046 

Power. 0.013 0.125 

Precipitation: 

Labor. 0.057 

' Material. 0.191 

Power. 0.032 0.280 

Refining: 

Labor. 0.073 

Material. 0.077 

Power. 0.003 0.153 

Heating: 

Labor. 0.004 

Fuel (oil). 0.052 0.056 

Water. 0.005 

Surface equipment: 

Labor. 0.007 

Material. 0.003 

Power. 0.004 0.014 

General expense: 

Labor. 0.015 0.015 


Total... $2,622 


Note—Cost based on milling 4030 tons of ore in 30 days. 

The ore ready for the mill is dumped into a 600-ton mill bin back of 
the batteries, into which it is fed through feeders of the Challenge type, 
but driving by means of a wire rope instead of the usual grip used on them. 

There are 20 stamps, each 1250 lb. in weight, making 107 drops 
through 6| in. and crushing through 8-mesh screen. The pulp from the 
stamps is delivered into two cone classifiers, each 36 in. diameter, where 
it is divided into two portions, one containing the coarser sand and the 
other the finer part of the pulp. 

Classified Concentration.—^The underflow, or sandy portion, from the 
classifiers is passed to a pulp distributor, whence it is distributed to six 
No. 2 Deister concentrators, the overflow of the cone passing around this 
concentration system into a second battery of two hydraulic cone 
classifiers. 

‘The tailing from the sand concentrators is passed to Akins classifiers. 
The overflow from the first classifiers passes to the second battery, where 
the underflow, containing the heavier part of the pulp, goes to another 
pulp distributor and thence to eight No. 3 Deister concentrators. The 
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overflow, eonsisfinii; of slime rtsudy inr trealnuaif, ^‘<k*s directly 

to tlu^ first tlii(‘kener, as will he nHaitit»iH‘d. 

From tlu‘slimt‘ ecuKaaitrafors, file pulp with th(‘ cMmetailrai(‘ rianoved 
flows to a distributor whieii <livides it in tuo aiitl (h*liv(‘rs (o two 48-in! 
Aldus (dassificTS, tlu^se hein^' of the welhkuuwa inti‘rruptr<l spiral flight 
type, th(^ ovcadiowing: slimt^ jeiuiu?;' that eomiiii^ inmi tin* sisauid battery 
of hydraulic classifiers, while the sami is passfd tt> anotlaa' distributor 
which d(4iv(a\s to two tul)e mills, eaeh o ^ IS ft. 'KIh. n'groimd product 
from th(‘se mills is ndurmsl to the st*eoud hatter\’ of elassifiers, where the 
slinuul portion is taken out and tin* remaininii: pulp iollows through the 
conccmtratiou and mechani<\al ela^'Nitientiou prota'ss. Phis proiaHlure is 
shown in tin* aceompanying tlou shoot. 

Continuous Agitation. The sliim* for agitation is takmi first to one 
Dorr thi(d<(‘ner, 84 X 12 ttwltere it is thiidi.eiiiMl from about IXl to 1:1. 
Issuing from this thicdvtmer, the pulp goo. Iti tlir agitation seriiss, before 
reaching wliicdi, howevt*r, it is diluttsl to 2 or 2}: I by •^olutitm nuidt' up to 
treatmimt slnmgth, winch ooidatns .i lb. !\t‘N por ton. 'I1u‘ solution 
us(h 1 througliout the mill average^ 2 lb. por tou. all enHhiiig being in 
solution. 

Tlu*r(‘ ar<‘ nim* agitaticm tank’-^ <»f the IXrlmea f \ po, ra<’h I2 ft. diame- 
Uh' Ijy 82 ft. de(‘p. The ptdp for troatment pa^.o. through six of these 
tanks in s(‘ri(*s, tin* How being eontinuou >. I Vom thex* tanks it is taken 
to a Tnmt agitator tank, of tin* same sl/.r a^ the tlu»4vonti*. ami tlumeeto 
a34XI2"ft. Dorr thiekener. Horo the pulp i * Ihiekened again to about 
1:1, and suhsecpnaitly diluleti with tri'^h made ti|» suluticm, ddie pulp 
tlum [lasses to nmdher series eoiiMi-^ting of throo Faehueu tanks, of the 
sanu^ as thost* formerl\‘ meniionod. flirough uhieh it. passes eon- 
timmusly. 

14118 iuti'rrupte<l agitation serio’-. m «“'>pi‘ia,ail>' vuirthy of note, as it 
aeeomplislnns a. continuous agitation and abs» a change of solution, a 
condition imiking for better extractitin imd one wh-ieh 1 ailvocated some 
years ago for silver ores winm continnom* agilaf ton tta.n proposed hut not 
gentwaily pnicti^isld Tin* a*lvanfage of a eliaiige of solution iltiririg a 
long agitation periocl is generally recugni/ed and tliiH of ac- 

cami-diHliing it can hardly fail produee bmieiieia! re-ailis. 

Washing by Decantatimi. From tin* '=**^cond agifaiion series the pulp 
is passtsl ton tank 2 To ft, diainefer bv lo,d ft. deep, in is iiiMtalled 

a D(.)rr agitating mechanism. In p.aHNing it in wifiih while fti mention the 
working of this maclune. It has two agifating arniN which revolve at 
4 .J r.imn., and the centra! airdifi |npo i^ 12 m, diamt*t«‘r. l*tiis airlift 
tlelivers the pulp to two arms suH|»ended above the siirfaci* «tf the pulp in 
the tank iind which revolv** in iini.Niiii with tin* Hii!iiiierg**d arms. The 
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outside anus (totisisi of a lauiulrr which carries (Ih* pulp from airlift 
and drops^it at various [H)iuts tu ^a* (la‘ (aidv surface, an arrangement of 
slots or ojaaiiu^s allowiim’ an cujual <listrihutmu. li is statcal that tests 
have shown tluit tin* pulp within this ai*:itatnr maintains its houu)o;eneit 
at all points within 2[‘i wlam test(‘d hy specific ^-ravify, {>ulp assay or 
s(*reen t(‘st. 

From tliis a^atntor tlu* pulp passes three I >nrr thicluaiers, operated 
as a (ioutiuuous«d(M‘atda(ion system, ‘flu- Ihnv sheet il{ustrat(‘s the 
op(‘ratiou of this scu'ies which, it will he not teed, takes in harrmi solution 
at the final thicktuna* and passes it haek tlirounh sueei^ssivi^ tanks until 
it ov(‘rflowH at the* first one, imriehing itsdf and inif>o\'erishin^ the pulp 
Tills is an exemplification of the propta* working <>f the lauinlta-imrrent 
decantation imdliod, of winch 1 have already sptjken. liv its use an 
efTe(*tiv(‘ washing of the solids is at'eiunfdi^lted atid also a lightmiing of 
the burdtm upon the filtcTing machine. 

From thc‘ fmnl thi<*kem*r of the sm*ie> the pulp is taken to two l2-ft 
Oliver filttu’s wlu’n^ final dewatering i^. done. A water wash is n|)plietl to 
th(' as(‘eudingsid(‘ id' the filter, hut, nom* on tin* <i«*sctmd'side, ns economy 
of wat(‘r is n(M‘(\ssary ami l>y thi-* im'an> the tii^chargial pulp contains a 
minimum of moisturi*. Tin* slinn* is ili^adiargetl up«m a coinawor holt 
hy which it is cnrrha! (‘hair of tin* milt afid tiepiisited mi tin* tailing pile 
It contains an avcTngt* of 27', moi^tmav At IIun ndth in distinction 
to th(» expeanimee of t!u' 1hmi})mh mtIN, no advantage is found from 
Inatting tlie solutions ahi»ve normal. 

The solution to la* prci’ipitated is pasNctl through idarifying pri‘SHesand 
i^iiic dust is used io prianpitat** the inetal’'^. Hie pianupifate is partially 
dried, fluxed and melhsl in oildin'tl ftirnaia-, 

The linn* used in treatmimt is ndiled a-- an f-miilsion at tlieslimecol¬ 
lector, the (pamtity lieing nlfout Id Ih. jier fmt of tin* milled. 



CHAPTER XIV 


PRACTICE AT THE NEVADA WONDER MILL 

The mine and plant of the Nevada Wonder Mining Co. is situated at 
Wonder, Nev., at a distance of about 63 miles from Fallon, which is its 
nearest railroad station. Communication is by means of wagons for 
freight,'and automobile stage for passengers and mail. As has already 
been mentioned in the case of the Nevada Hills company at Fairview, the 
isolated situation is responsible for high transportation charges and 
some measure of labor difficulties, the same condition applying at 
Wonder as at Fairview, but with somewhat more force due to the greater 
distance from communication. 

The ores treated at Wonder are clear quartz of medium hardness and 
offer no special difficulties in crushing. The plant treats an average of 
about 110 tons per day of 24 hours, the mill run assaying about 18 oz. 
silver and 0.25 oz. gold. 

For convenience the property is operated by two companies, the 
mining being carried on by the Nevada Wonder Mining Co. and the 
milling by the Churchill Milling Company. 

In its present condition the mill embodies a great many changes from 
its original treatment plan, some of these changes having necessitated 
ingenuity in installing additional apparatus in space which was not 
designed to receive it. Such changes often force awkward arrangements, 
but in this mill most of them have been planned and instituted without 
mechanically embarrassing results. 

Crushing Practice.-—The ore from the mine, after being weighed, is 
passed through a 10 X 16-in. Blake rock crusher which delivers to an 
inclined belt conveyor, the latter delivering into the battery bin. The 
battery bin is of 2550 cu.ft. capacity and holds about 120 tons of ore. 

From the bin the ore moves by gravity through gates into suspended 
Challenge feeders delivering into the mortars. It is noted by the op¬ 
erators that the one-stage crushing through a Blake-type breaker throws 
a somewhat heavy burden upon the stamps. The crusher allows a 
proportion of large pieces of rock to get through into the battery bins and 
these may at times cause dilficulty in the mortars. Probably a better 
course is to crush in two stages, insuring a uniform feed of proper size for 
stamp crushing. 
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through 8 in, Tlie mortars arc of the narrow^ rapid-crushing type and 
are equipped with screens of the square-mesh variety having an aperture 
of I in. These stamps are relied upon in this instance to bear the heavy 
work of reduction, and the pulp from them is passed to one Monadnock 
Chilean mill for the second stage. This mill makes 28 r.p.m. and is fitted 
with ^Hon-cap'^ screens having an aperture 0.08 in. wide. 

Comparison of Time Loss with Stamps and Chilean Mills. —It is 
worth while at this point to consider the relative time lost on account of 
repairs to batteries and the Chilean mill. One of the strong points made 
by objectors to Chilean mills is the time required to make repairs to them, 
the claim being that stamps keep on working all the time without any 
great loss due to renewals and repairs. A great many operators fail to 
take into consideration the fact that while the stamps seem to be work¬ 
ing steadily and making a great deal of noise about it, it is rare in a mill 
containing any groat number of them that there is not one or more hung 
up for adjustment, setting tappets, putting on a dropped shoe, aligning, 
or doing any one of a number of operations that arc neQessary with that 
class of machinery. When a small proportion of stamps are hung up it 
does not make any apparent difference in operations, for the mill is mak¬ 
ing just about as much noise as if they were all running, but it must be con¬ 
sidered that each individual stamp is relied upon to crush a certain defi- 
nit(i number of tons of ore in a year and every hour one stamp is out of 
commission has its effect upon the total product. On the contrary, if a 
(diilean mill is stopped for repair the whole work is hung up, there is no 
noise and it seems necessary to make every effort to get it running again. 
The effect is to make it appear that the Chilean is taking much more time 
for repairs than the stamps, whereas, if all the minor delays of stamps are 
added up they will usually approximate as much or more than those made 
necessary by the Chilean mill. As an instance, at the Wonder mill during 
a period of a year the time lost for battery repairs amounted to 7.70 days 
and the Chilean mill, 3.66 days. There is a 100% difference in favor of 
the Chilean mill. And in this case it is to be remembered that the feed 
delivered to the Chilean is too fine to insure maximum efficiency or econ¬ 
omy of wearing parts. Personal experience has been that the Chilean re¬ 
quires a percentage of coarser feed to do its best work and I believe most 
operators agree with that theory today. 

Tube-mill Grinding.— From the Chilean mill the pulp passes to a 
duplex Dorr classifier where the already slimed portion is taken out and 
the sand passed to a tube mill. This mill is 5 X 22 ft. and makes 28 r.p.m. 
It will be noted that this mill is of the long type, due to the fact that it was 
installed before the advantages of shorter tubes of the same diameter were 
recognized. The mill contains a lining of the El Oro type, one of the very 
few of these linings I have seen in use in the West. 
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Classification of the tube-mill product is somewhat involved and is an 
illustration of one of the changes made in the original mill design already 
mentioned. The stream from the mill is split into two parts, each going 
to a separate belt elevator, one of which sends its portion directly back to 
the Dorr classifier and the other delivering to a 5-ft. classifying cone. 
The underflow of this cone is returned to tube-mill feed and the overflow 
is taken to a 7-ft. classifying cone which takes out the coarser part as 
underflow and returns it to the elevator leading back to the Dorr classifier, 
and passes its overflow, slime, directly to the slime collector. The accom¬ 
panying flow sheet shows the movement of the pulp and solution. 

Continuous Agitation System.—Slime is collected in a Dorr thickener, 
24X14 ft., and the overflow solution passes to the precipitation depart¬ 
ment or to the battery tank. The thickened pulp is agitated intermit¬ 
tently in four Pachuca tanks, each 15 X45 ft. The pulp receives about 40 

COST OF MILLING AT WONDER, NEVADA 


(Tons milled, 25,186—Period of one year.) 



Labor 

Supplies 

Power 

Total 

Suporintftn donee . 

$3,686.65 

1,651.14 

3,173.41 

1,435.97 

1,017.58 

945.01 

6,722.84 

2,679.01 

987.27 

3,048.98 

543.63 

1,086.10 

2,101.77 

374.11 

677.59 

719.54 

1,721.62 

139.68 



$3,686.65 

3,070.05 

7,409.94 

5.173.55 

5.357.39 
1,988.50 

24,158.04 

4,793.78 

8,031.74 

8.940.40 
632.50 

2.248.55 
3,126.93 

883.02 

1,100.90 

1,337.33 

7,014.76 

171.81 

Crushing and conveying. 

Stamps. 

618.51 
1,577.98 
2,014.96 
2,126.37 
566.84 
15,775.08 
953.25 
7,044.47 
5,736.84 
88.87 
1,120.53 
503.97 
508.91 
383’. 42 
617.79 
5,293.14 
32.13 

800.40 
2,658.55 
1,722.62 
2,213.44 
476.. 65 
1,660.12 
1,161.52 

Chilean mill. 

Tube mill. 

Elevating and separating. 

Agitating.. 

Filtering. 

Precipitating. 

Refinery. 

Concentrating. 

154.58 

Assaying. 

Surface and plant^. 

General. 

41.92 
521.19 

Storehouse.. . 

Water and fire line. 

. 

39.89 

Steam heat. 


Traction engine. 




Total direct.. . 

32,711.90 

44,963.06 

11,450.87 

89,125.84 

Indirect 





Ofiice expense. 

1,371.48 

822.39 


2 193 87 

Company house. 

86.06 

105.48 


X , o i 

191,54 

Taxes and insurance. 




i 2 933 61 

Legal and traveling. 




I 267.54 

Total indirect. 

1,547.54 

927.87 


5 586 56 

Direct cost per ton. 



3.538 

Indirect cost per ton. 



1 

0.222 

Total cost per ton. 




3.760 


^ Refers to building repairs, outside lighting, removal of debris, etc. 
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homs^agitatioii in these tanks and the solution used is heated to about 80°. 
Solution used for treatment contains 4.5 lb. KCN and 4 lb. lime per ton. 
Due to the fact that the ore is clean and docile, high extractions are 
the rule, the average over the past year being 94.49% of the gold and 
94.74 of the silver. This percentage of recovery is good, especially so on 
the silver, due to the raising of the temperature of the solutions. It has 
been proved in this mill that the extraction falls off approximately 2% 
when the solution temperature is allowed to fall to or below 50° P. during 
treatment. 

Continuous Filtration.—Pulp from the Pachuca agitation tanks is 
delivered to a stock tank, 28 X14 ft., which is equipped with a mechanical 
agitator, and is dilutecr by the addition of 2 ft. of barren solution, and 
from this tank it is taken to a Dorr thickener. The overflow of this 
thickener goes to the precipitation department and the underflow of 
thickened slime is returned to the stock tank again. By this means the 
pulp is given a light washing and the content of the stock tank is main¬ 
tained at a proper thickness for filtering. 

Oliver filters are used, and the pulp, having already received the pre¬ 
liminary washing mentioned, is filtered continuously, receiving a final 
wash at the filter. The wash water applied at the filter is led through 
hoses to a shaking pipe where it is sprayed on the cake in a constantly mov¬ 
ing stream. By this means the delivery of the wash to any one point is 
avoided and a better distribution is accomplished. The discharge from 
t;he filter is said to contain about 50% moisture. 

In this mill, as in many others, the centrifugal pump has proved a 
more economical and satisfactory method of moving slime pulp than the 
triplex slime pumps. 

Solutions from the Dorr thickeners and from the filters are passed to 
the pregnant-solution tank from which the precipitation system is fed. 
There arc six zinc boxes, each with seven compartments 30X27 in. area. 
Only five of these compartments are used for precipitation and the other 
two, at the heads of the boxes, are filled with excelsior and used for clarify¬ 
ing the solutions. Many of the Nevada mills are using excelsior for 
clarifying, as has already been mentioned in the case of the Tonopah mills, 
and it seems to do the work in a satisfactory manner. 

The precipitate cleaned up is dried in a pan which is fitted with elec¬ 
trical means for heating, and is then fluxed and melted in Faber du Faur 
furnaces burning oil. In order to avoid the melting of short zinc which 
accumulates, an acid tank has been installed and this material finds its 
way into the regular bullion production. 

Material Consumption and Cost.—Consumption of material at the 
Wonder mill is of cyanide, 1.6 lb. per ton of ore milled; of lime, 5jlb.; 
of acetate, 0.8 lb.; of pebbles, 3 Ibj and of zinc 1.8 lb. A feature of in- 
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terest is that the cyanide, lead acetate and lime required in treatment are 
all ground up together in a small Chilean mill and added to the pulp flow 
between the Chilean mill and the Dorr classifier. This is shown on the 
flow sheet. 

The cost of milling is shown in the accompanying table, but it is to 
be remembered that the period of one year covered by these figures 
included 115 days lost due to lack of power and other less important 
causes, expenses naturally continuing to a large extent during that time. 
These expenses falling on the reduced tonnage show a cost abnormally 
high and it should be said that during the last two months when the mill 
was operating at its maximum rated capacity of approximately 110 tons 
per day, the expense dropped to al)out $2.75 per ton. 

Considering tlie situation of the mill and the difficulties under which 
the operators have been working, the results obtained are extremely 
creditable. 


CHAPTER XV 


METHODS AT REPUBLIC, WASHINGTON 

The mining camp of Republic is situated in the northwest section of 
Ferry County, Wash., about 25 miles south of the Canadian line. In 
common with most mining camps it has been the scene of intermittent 
activity and decline, and has had a hard time to demonstrate its value. 
The district, originally a part of the Colville Indian reservation, was 
opened in 1896 and its history since that time has been a checkered one of 
alternating interest and indifference. Lately, however, its mines have 
begun to be developed in a methodical manner which, if slow, is at least 
more satisfactory and certain than can be obtained by a succession of 
booms. 

Metallurgical History of the Camp.—Republic has seen a series of 
mills built within her boundaries, none of which seems to have made any 
remarkable success. The first one was built for the Republic Gold Mii^,- 
ing & Milling Co., and made use of the Pelatan-Clerici process. Natu¬ 
rally, this was not much of a success, the saving amounting to perhaps 50% 
of the contained silver and gold. Then followed a series of plants 
embodying the chlorination process, combined amalgamation and cya¬ 
nide, the Hendryx cyanide system, and finally the plant constructed by 
D. C. Jackling for the Republic Power & Cyanide Co., built in 1900. 
This plant operated for about 10 months and was then shut down. It 
was patterned after the old Mercur plant in Utah, and included crushing 
by means of rolls and Griffin mills, roasting and leaching. Precipitation 
was attempted by the old method of using zinc dust in tanks, as was done 
at Mercur. This mill is reported to have saved about 91 % of the gold in 
the ore but only about 15 % of the silver. 

Due to the many methods of treatment and the apparent failure of all 
of them to accomplish any coiiimercially successful results, the camp 
received a bad name and the ores, while the quantity and grade were 
acknowledged, were thought impossible to treat by any means sufficiently 
cheap to insure profit. As a matter of fact, the trouble appears to have 
been the persistent attempts to fit a process which had proved useful 
somewhere else to the ores at hand, wliich happened to bo not in the least 
appropriate for it. 

There seems to have been a remarkable lot of misinformation pub¬ 
lished about the character of the ores. Some experimenters went to a 
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great deal of trouble to prove that they were not treatable cheaply, and 
apparently satisfied themselves and a large portion of the mining public. 
That the mineral itself does not justify this conclusion, the two plants 
now in operation prove. 

Description of the Ore.—The ore is described as being a fine grained, 
close textured quartz, but there is also some white quartz which is not so 
hard and which is easily distinguished from the blue, flinty, hard material 
mentioned. Ore from some portions of the camp is more like a clay and 
contains an extremely large amount of colloid matter. It will be seen 
that there is a great variety of ore, but that at present worked by the mills 
consists largely of the blue quartz and white quartz, and is, in general, 
hard. 

While it has been repeatedly stated that this ore contains elements 
which make it rebellious to cyanide treatment, such as tellurium, scden- 
ium and copper, repeated tests have failed to detecfl-, tellurium, selenium 
exists only in minute traces in ores of milling grade, and (H>i>por only in 
small quantities. Neither of these last two elements ])r(\s(uits any insuper¬ 
able obstacle to cyanidation as selenium compounds ar(^ usually soluble 
and exist in quantities too small to consume ex(?ess,ive amounts of 
cyanide, and the same is true of copper, whicli ocKuirs in somewhat larger 
quantities. 

It is undoubtedly true that the ores did not ])rove anumablo to the 
processes applied to them, but as has been stat(‘d, tluise unit hods were not 
adapted to the ores. Later methods and carcvful ex])erimentation has, 
however, opened up an entirely new view|)oint. 

In discussing the matter, H. W. Newton, sui)(iriut(uideut of the mill of 
the North Washington Power & Reduction ( -o., at Republics, who is 
familiar with the ores, having studied them and (^xperiimaitcHl on them for 
years, and who is.responsible for their present succ(\ssf ul treattmmt, stated 
that he had made a number of experiments on roastcul sam[)les and in* 
variably found that while a slight increases of gold (ixtracdlon was obtained 
on subsequent cyanidation, invariably the (^xtrachloti of silvea* decreased 
and almost disappeared. This was undoubt(Hlly oik'. of tlu^. rc^asons why 
the mill built by Jackling was not successful as tlu^ silvt^r is in quantities 
too great to be ignored and constitutes a larg(‘ j^roportioii of the value. 

Another point which has been detected and pointcul out by Mr. New¬ 
ton is that the gold occurs in such fine partitih^s as to be rarely viHil)le, is 
scattered through an extremely close-grained rock so that the finest 
grinding is necessary to liberate it and expose it to the aevtion of cyanide 
solutions. 

The silver probably occurs as a sulphide, or sub-sulphide, and is soluble 
readily enough in stronger cyanide solutions, though when roasted it is 
converted into some other form, probably metallic: silver, which is not 
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readily soluble in cyanide solutions. The reasonable treatment, then, 
would appear to be sliming of the total ore and agitation in cyanide solu¬ 
tions without roasting or any other auxiliary treatment. And this has 
proved to 1)6 the case. 

The Crushing System.—The mill of the North Washington Power & 
Reduction Co. was commenced in 1011 and has now been in operation^ 
something more than seven months. It handles ore from the Surprise and 
Lone Pine mines, a rather hard run of ore. Railroad cars deliver the ore 
to the mill where it passes through a system of crushing and sampling as 
shown by the accompanying flow sheet. 

From the first l)in, the ore passes over a grizzly to a Blake crusher and 
then over another grizzly to a set of 16 X 22-in. rolls. From this set of 
rolls it is passed througli a wire-screen trommel, the a]^ertures of which are 
|X| in. The oversize is taken to a set of 14X30-in. rolls, after passing 
which it joins tlie undersize from tlie trommel and passes through the 
sampling plant to tlie mill bin. 

From the mill bin the ore, now reduced to sucli size that the largest 
pieces are al)out iV in., is passed to a Chilean mill, where it is crushed 
to pass a l()-mesh screen, tlien throxigh a 45-in. Akins classifier and the 
sand to a tube mill, 5X22 ft., where it is slimed. 

There is some difficulty with this crusliing system, tlie crucial point 
being in the Chilean mill. The capacity of the plant is about 100 tons per 
day of 24 hr., and yet there is extreme difficulty in getting the Chilean mill 
to crush the amount of coarse material contained in the feed, which is not 
large, through the 16-mesh screen. This condition should not exist, for 
the material is all small, as has been mentioned, and the screen is coarse. 
The difficulty i)rol)ably depends on two factors, one of which is the fine¬ 
ness of the feed. A feed of this fineness is usually considered too small to 
give maximum efficiency with a cliilean mill, although at some plants 
large capacities are obtained with similar material. This is exemplified at 
the Portland and Independence mills at Cripple Creek. Too fine feed in a 
Chilean mill usually results in building a bed on the die ring, the rollers rid¬ 
ing over it without doing much grinding, and the operators at the North 
Washington mill state that this is what occurs in this case, but they also 
state that increasing the size of the material decreases the capacity, and 
conversely, though with a very fine feed there is not much left for the 
mill to do but pulp the material and put it through the screen. 

The probal)ility is that there is something wrong with the design of this 
Chilean mill and that it is not adapted to ores of this kind. I feel con¬ 
vinced that under normal conditions there would be no difficulty in hand¬ 
ling a sufficient tonnage of this material. It is reduced with greatest ease 
in the rolls. 


^ At date of this article. 
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agitation tanks, 33X20 ft., which arc equipped with the Trent 
agitator. 

The operators claim that every satisfaction is obtained from the use 
of these agitators even in the large, deep tanks installed. They perform 
their work with a minimum of trouble and give good results in extraction. 
The aeration of the pulp is said to be good and extraction proceeds 
satisfactorily. 

The first tank is used as a thickener as well as agitator, the overflow 
going to the precipitation department. Agitation is continuous through 
the series of tanks, the passage through them being accomplished in 
about 36 to 40 hours. 

It will be noted that the agitation capacity of these tanks is sufficient 
for a good deal more tonnage than can be delivered by the crushing and 
grinding department. The slight changes necessary for increase of that 
part of the mill would be well worth making. 

Use of Cyanide and Other Chemicals. —The strength of the cyanide 
solution in these agitation tanks is kept at about 5 lb. KCN per ton of 
solution. While a solution containing 2 lb. per ton would be ample for 
the extraction of the gold, in less time also, the strength is kept up to 5 lb. 
in order to make thc'best possible extraction of silver. The lime is added 
to the first of the series of agitation tanks at which point also the solution 
is standardized in cyanide content. 

Lead acetate is used intermittently. It has been found that after 
several days' use of the acetate it can be discontinued for a long time, the 
relation being approximately, using it for one week and omitting it for 
three weeks. If it is discontinued for much more than this time, trouble 
develops which is believed to be due to soluble sulphides, the condition 
being immediately remedied l)y the addition of the lead salt. 

From the agitation system the pulp is either taken directly to the 
Oliver filter or is first passed through a settling box for thickening it. 
The procedure is usually to omit the settling box as the pulp is already 
in good condition for filtering. 

The Oliver filter is a large one, 11.5X16 ft., and is said to be doing 
excellent work. 

Precipitation Details. —Zinc dust is used for precipitation, this being 
the most acceptable method when treating ores containing copper, as 
the metal is recovered immediately from the solution and does not tend 
to make useless a large amount of zinc, as is the case when shavings are 
used. The Bosqui system of agitating zinc dust in tanks with the preg¬ 
nant solution and then pumping the mixture through a filter press, is 
followed. 

There is not a large amount of copper present, but what little there is 
may be removed in this way from solution. A statement of the compara- 
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from tins Lin an IHdm Lett ron\evor delni'r-'v. it Ut n Williams hammi 
trommi*lmilk d'hisiiiaehineir-.immoial m imlluig phin!^^. It iseonstruete 
min-h like tlie C|!tenner tlry piaei-r maeloin- wlnrh wjis dt*vised at tl: 
Altar fitdd in Sonora. Me\ie*e It eomoit % nf n troifiiiirl Ltiill of heavy bai 
spared fV, in. apart, revolvini^ at Lm* r p m . and a etiifml shaft rinmin 
through it revoi%dng at tHMi rjum I 'pon tln' la-ntral *diai”f nretki hainmei 
wcdgljillg Hi IL, eiieh ro|int‘i-trd ih*' •doaft Ip lieavy eliltins, Tf 

liainmers swing so that tlnae m notlHurerni their Iliiiehiiig the tronimc 
t)re is inirodiired at om- nid of the imiehme atid I In* luiininers, living 01 
hy eenlrifngid foree, atrilo- tin* pieei-v, ,4 rork aiid :diaiter iheiit. Heveri 
kinds of meta! han* been iisi-d in making the■'*■^l* liaininii'-s ttdiirfi receive tl; 
major pari of tip- wear, and at pr*-'-.etit tuv mii'ni amailfiLle miitcriid hi 
provetl to he mild steid, sawn from the f»ar, and tinlled to ri'erive tfi«*cfiai 
COlilH*ciioiis. Wear ni tlie liatiifiii*rs ha.-i tlifiiiiiiMlif'ii friifii iiti oriffinill tl 
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or more pound per ton of rock crushed to a point where it is not much more 
than 0.5 lb. per ton. 

The machine certainly docs an immense amount of work, reducing 
mine run to a granular product at one operation. The product is supposed 
to come out through the trommel bars at ui in., the distance between 
the bars, but there is a good deal of it which is considerably larger, pre¬ 
sumably due to wearing of the bars, thus enlarging tlie openings. In 

Ore Bin~600 Tons 

IS 3elf Conveyor 

hWillfams Hammer 
Trommel Mill 

l-FJevafor-delfScBuckef-lOTon-hrCap 
Sjorctqe Bin 

14'^24 ’Polls. AUis-Chalmers "'C’’ 
h5k22"6cftes Tube Mill,smooth 

hSand Wheel 
h Duplex Dorr Classifier 


h2SxlO Dorr Thickener 

9~l2k 18'Agifafors, AlrLift,Series 
Cone BoHvm Thickener 
h 16 Oliver Filter 
Slime Tailing 

Clarifier 
Zinc Boxes 

Meifing Furnace 
Bullion 

FLOW HIIFiOT OF THE BAN POIL CONSOLIDATED MILL. 

operation the machine makes an enormous amount of dust as the dry ore 
is broken up. When damp ore is used the quantity of dust is not so great 
and the general product is finer; but its capacity is much reduced. Sizing 
tests on the product show as high as 40% of the product passing a 20- 
mesh screen, of which 65% is finer than 10-mesh and 6% through 200- 
mesh screen. About 70 tons per day are being milled through the 
machine. Its capacity is 10 tons per hour. 

It is acknowledged that this machine is still in the experimental stage, 
although the operators believe it will continue to perform its work as at 
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pnsst^ii. 'Vhv niat-hinr* now in>f:illfd is to ho (•\rhan|*:<‘d for another 
siinihir ono built much lu^avicr, but tlc>igmHl tu tlo tljo sauu* work in the 
Htinu) way. It will however, rtu|uire iiieonfestal>h‘ proof to show that a 
ma(‘hin(‘ of this kind can b(‘ built sfrtni^ euou,u:h to stand the (‘uonnous 
strain of redueinK mimmain ort‘ to i in. or even 1 in. at one operation by 
sueli stnuuiouH m(*ans ainl in* eetimunical. 

Sarnplin|»; tin* fim‘ ori‘ is tlone automatieally, and after passini^ the rolls 
asshown in tluMierompanying How sheet, it ^vni toa 0X2241. tube mill 
whi(*h is in elostal <‘ireuit with a dttplex I hirr elas.dfier. 

Air Agitation Methods, 11ii* slime from tin* classifier is tliicktmedina 
Dorr thiek<‘n(‘r25X Id ft., and the thi«*ktmed pulp laktm to a ,s(*rics of nine 
agitator tanks, (aieh I2X IH ft., with v^nw Intlltims mnl usitig air agitation. 
In addition to th<‘ central air lift \n theso agitators, whieh nrv cut ofT helow 
the surface ns is done in the tanks at < tr.n^s \ alley, !«? la* mentioned in the 
following paper, there are thret* additii»nal lilts in isarti tank, tiesigm'd to 
a.void sideling of slinn* on tlie eone bcUtoms which are tot) tint to do this 
automatiiadly. 'Freatmeiit througli the tanks is eontimnms and solution 
from 5 t.o 7 lb. K^’N per tim is usi*d. At thi’*^ mill the strongtu’ solutions 
arc* us(‘(l in tin* tube milk the wt*aker 010 -^ boing mado up at tin* agitators, 
d'he time* of agitntinn is Ad to 7tl hr, in the tank^^, 

From th(‘ final ngifutor of the ^frie^ tho pulp taken to a cone-hottom 
tlu(*kt‘n(*r and thems* to an Oliver ftlfor. Id fi, drum, where filtration is 
t‘fT(»cted. d'he jiregnant stdution is jta>*sod througfi /ine bn?cf*s usingshav- 
ings and the* barren solution issuing pu’^^ed back to the final agitator of 
tlu* series of nine, thus itiluting the pulp ami giving it a wash before going 
to th(‘ tiuckeming \mx ami filter. Solution overflowing from t!te thickener 
is jnnnpc*d hack to storage to be us<^d i*ver agfiim 

The ore av<*riigt*s SK |ier ton in valm* and *J2 to dfdl' is <*xtriU‘ted. 
(hmsumption of KC *N is 1. A lb. pta* t»»n ami t ‘id > 2 2 !b, per ton. 

IdnTf* is nothing particularly iiov«d abouf thisidant with the <*xeeption 
of the* Williams mill almve mentioned, but it i.^ anoflier link in I lie chain of 
recent events whieli have shown rhvarly llml the ores of tin* Ifepiddb do 
not descTve the reputation they have rt^riuvefl for being ftitliciili to treat 
and that wlien use is madt* of the meiuis which have beim devchipecl within 
tin* last few years for the ItettiT working of the cyanide process, together 
with thmiusential and vital point of th*^ inetalhirgy ns applied to this 
particular ro«*k, extremely fine grsmling. theri^ i^ m» difliciilty in laatefidat- 
ing it elieaply and efficiently. 

Ncather of the millH at present in operation |■'erfect nor is to lie taken 
as a model of its kiml but con-ddt^ring Iht' dilliniltie^ in tin* way of getting 
Hufficient ciijiitnl to Ireiil ores wliich hud idready been lugged as hopeless, 
they are good, ami too inuch eredit canm»t be giviui to the men who have 
made a iiiiitiilliiririciil MiieeeMM when* iiiis free!v foretold. 



CHAPTER XVI 

THE MILLS OF GRASS VALLEY, CALIFORNIA 

The North Star Mines Co., situated near the town of Grass Valley in 
Nevada County, Calif., operates two mills, one built at the shaft of the 
mine, known as the North Star mill, and one situated in a canon near the 
town, known as the Central mill. The Central is the newer mill, built 
much later than the old North Star mill. They are both 40-stamp instal¬ 
lations and treat about the same quantity of ore in exactly the same way, 
tlie only difiference being that the older mill does not attempt to treat the 
concentrate made in it, but sends it to the Central mill for reduction. 
Owing to these facts the Central mill will be discussed in his paper, its 
system typifying the practice established by the company and illustrating 
the method of concentrate treatment. 

Occurrence of Gold.—The ore is a free-milling quartz in which quan¬ 
tities of sulphides occur, and it is principally in these sulphides that its 
value lies. The principal valuable metal is gold; silver exists in small 
proportion, but not suflicient to justify any special metallurgical efforts to 
recover it. The gold is principally in mechanical association with the 
sulphides, only & small proportion being in chemical combination. In 
crushing, the ore may be said to be of medium hardness. It consists 
principally of quartz. 

Eacli of the mills of the company contains 40 stamps, and the com¬ 
bined capacity of the two is about 9000 tons per month, or about 300 
tons per day. The average ore treated in the mill is valued at about $10 
to $12 per ton. 

Stamp-crushing Practice.—The ore is brought to the Central mill in 
small cars drawn by a light electric locomotive. It is dumped into a 
general bin from which it passes over a grizzly, the coarse rock being 
reduced in size in crushers of the Blake type and the whole finally received 
in the battery bins. 

.The construction of these bins is noteworthy in that they are entirely 
of masonry, forming a massive and solid foundation for the crushers. 
They are built directly on the hillside and are a fine exainple of permanent 
construction. 

From the battery bins the ore is drawn through disk feeders into the 
mortars. There are 40 stamps of 1000 lb. each dropping 110 times per 
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yVAMV BATTERY AND PLATIi3S, CENTRAL MILL OF NORTH STAR MINES. 
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SCREEN USED AT NORTH STAR MILL. 
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ili(‘ driving Ix^lt.s I(‘ad down, with oiu' nxluctitni, to llu‘ camshaft. The 
accompanying illustration shows this arranginmmt. I^y this means the 
battcTy motor is givam a firm foundation on th(‘ masonry of the l)ins and 
all belts and pulleys ar(‘ (atsily naudunl when (Ussirixl. 

From the jdab^s the pulp is hal to a st‘ru‘s of comarntrators which are 
round, of the buddU^ fyp<N but have a re<’iproeating motion, revolving 
back and forth about a (andral point, through a small ar<‘. The (‘oncen- 
trate is removed at a point on th(‘ (xlgt^ of tla^ eindc*. An arrang(anent is 
mad(‘ for reconcentrating th(' middling of a numbea* of tlussc* tables on 
others. The machine is known as the Dodd buddha 

From the comamirators tlu^ pulp flows to thc‘ twanith* plant, winch is 
separate^ from tla^ mill and situat<Hl at soiin^ distaiua* from it. All crush¬ 
ing and concentration is dom* in watta and the p\dp flows by gravity to 
the cyanide-treatmtmt plant. 

Cone System of Classification. All the pulp is reta^ivtal at th(‘ cyanide 
plant in a roughing c(uh\ 7Xb ft. Tla^ ovtadlow from this cone goes 
immediately to the* eyanidc* department as .slim(\ the (d^jeei laang to take 
out the majority of the* slinu‘, and slime* tady, h*aving tin* com* mulerflow 
to 1)(^ furtluT elassifu'e! in a H<*parnte sy.stem. This systerti eonsists of 
three* eonc‘s, <‘a(‘h oXfi ft., using an upward enrrt*nt of wut(*r to assist in 
the classification. On(*of th<*s(* (*otM*s has straight sides, f)ut of approxi¬ 
mately tlu^ same* sizt* as the* other (wo, and its op<Tation is th(‘ same, 
(dean separation is aceomplished in ihe.se ctuu*s and their ovt*rflow joins 
tlu* stream of slime* from the* remghing com* ami feirms the* slime peatieni of 
the pulp. 

Separate Sand and Slime Treatment. Ida* umh*rflow of the (*(>n(*H is 
taken elirtHdly to the* l<*iii(*hing tanks where tin* first eyaiiith* solution is 
put in (‘ontact witli it. 

The^ lc‘aching tanks are* .six in number, e*aeh 22 ft, fi in. by 87 in. and 
are^ He*rvt‘d by distributors of the Butt(*rs ty|H*. I'he t*yanide treatment 
occupu*s about sc*v<*n days in total. At first a wash eif lime* watt*r is 
applieul to n(*utraliz<* any ae‘idtty in the ewe ami prepare it for the (‘yanidt!! 
solution which follows. Aftew this has bf*e*ti elraimHl away a bath of 30 
terns of pre*gnant solution from the* filters is applif*d which has stre*ngth of 
about 0.035% K(’N. ddus is imme*diately dritims! ami is followeal by a 
batb of barrem solutkut containing 0.1(7 KDN. The* tank is filled with 
this solution, wldc*h is aIlowe‘el to remain in eamtiict with the* edtarge for 
24 hr. with the* tank outle*ts ckisesl meanwhile. Affe*r this seeaking pt*riod, 
the* solution is allenvecl to drain intei a spc*t*ial soliitiein tank until it sliowa 
a strength of 0.06%.' KDN, w}u*n it is turmsl iiit«» I lie strong sump, whewe 
it finally ri*ache*H a strengili of about O.tHPd KC *K. THhf*r strong washes 
are followeal liy wash<*H of sedutbn from flu* filte^rs and (iiiishc*H with the^ 
barren solutions whieli are to lie wasted iiftiw l>eiiii£ nree^irdtated, and 
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finally a water wash is applied. The sand, after treatment, is sluiced out. 
of the tanks. There is no scarcity of water. 

The slime is all collected in a series of cone-bottomed settling tanks, 
assisted by one Dorr thickener. There are six of these settling tanks, 
three of which are 14 X15 ft. and three 13.3 X9 ft. The Dorr thickener is 
19.5X13.5 ft., and is arranged to make one revolution in 3 min. 50 sec. 
The slime is thus dewatered, leaving 'a pulp having specific gravity of 
about 1.3 and a dilution of 2 :1, approximately. 

In a system of this sort, where an appreciable amount of water is taken 
into the cyaniding system, it is evident that it will have to be discarded 
at some point. This introduces a condition somewhat difficult to handle 
and it is only where weak solutions are used that it is practicable. At the 
Central mill weak solutions are used in slime treatment and for leaching 
the sand. With sand treatment by leaching it is possible to reduce the 
incoming moisture to about the same quantity discharged with the tail¬ 
ings, so that in this department there is little or no accumulation of sur¬ 
plus solutions. This can l)e accomplished with slime also, but is an expen¬ 
sive process, in fact it was tried at the Central mill at one time but it 
was soon found to be more economical to waste a selected, precipitated 
solution, with its cyanide content reduced to the lowest possible point, 
than to undertake the expense of more complete dewatering. 

Slime Treatment System.—The partially dewatered slime is recovered 
in a stock tank, from which it is taken to the agitation department and 
the necessary cyanide added to bring up the strength to the treatment 
standard of 0.035% KCN. The slime, with its added cyanide and solu¬ 
tion, goes then to the treatment tanks. 

The tanks used for agitation are 8 ft. diameter and 18 ft. deep and 
have cone bottoms of 60° inclination. The agitation is by means of a 
central lift pipe. It will be noted that these tanks are practically Pachuca 
tanks, except that the lift pipe does not reach the surface of the pulp, a 
feature which has been adopted with some advantage in a few Pachuca 
installations. Air is used for operating the lifts. It is of interest to note 
that these tanks are said to have been installed and in use before the 
Pachuca type, as such, came into existence. 

The agitation of the slime pulp is continuous through the three 
agitators, the time of passage being calculated at approximately 14 hours. 

Continuous Filter System.—The pulp from the agitators is collected 
in two settlers, used alternately, each 8X13 ft., equipped with cone bot¬ 
toms. Settling and decantation proceed simultaneously, the thickened 
pulp meanwhile being drawn off for filtration. In about eight hours, one 
settler is filtered so that the overflow is not clear, when the pulp is trans¬ 
ferred to the other settler, the first one being allowed to settle, the solution 
decanted, and the thickened underflow drawn off as it settles. 
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DETAILS OP CYANIDE PRACTICE 
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The thickened pulp is taken to the filters, this installation consisting of 
two lOJ X7-ft. Oliver continuous revolving machines. It was at this mill 
that the Oliver filter was conceived and developed and the two machines 
now in use are the first of their type to be built. 

The tailing is sluiced away from the filter and run to waste. About 
60 tons of slime daily are treated on the two filters. 

The Merrill system of precipitation is used. Zinc dust added to the 
pregnant solution is pumped through two Merrill presses, each of which 
contains eight frames, the frames being the 36-in. triangular type. These 
presses originally had the solution discharge at the bottom of the frame, 
but pipes have been fitted to the discharges and carried above the level of 
the frames so that the press always remains full even in case of cessation of 
operations of the plant. The frames thus kept full of solution prevents 
oxidation of the zinc consequent upon an empty frame and resulting con¬ 
tact of air with the zinc. All solutions to be precipitated are first used as 
washes on the sand-leaching tanks, enriching the solutions and effectually 
clarifying them. The precipitate is melted in stationary, oil-fired fur¬ 
naces without any preliminary treatment whatever. A small tube mill is 
used for emulsifying the zinc dust with solution before its addition to the 
solution to be precipitated, and a mechanical feeder introduces the zinc 
into the tube mill. 

Concentrate Treatment.—The concentrate treatment is unusual and 
worthy of particular note. The two mills of the company make six to 
sev'en tons of concentrate daily, all of which is treated at the Central mill. 
It is brought to the mill in cars and is dumped into a concentrate bin, 
being meanwhile mixed with lime at the rate of about nine pounds per 
ton. From this bin the concentrate is mechanically fed into a tube mill of 
the Abb6 type. The mill is 4.5 ft. in diameter and 20 ft. long and revolves 
at 19 r.p.m. The concentrate is reground in this mill, and issuing, it is 
classified in a cone classifier. The fine overflow all goes over an amalga¬ 
mating plate and the underflow is returned to the tube mill, forming a 
closed circuit from which there is no exit save through the overflow of the 
reclassifying cone. All of the reground concentrate pulp, after having 
passed this regrinding and amalgamating system, is taken directly to the 
large roughing cone, before mentioned, at the head of the cyanide plant, 
where it enters treatment along with the bulk of the ore. 

Thus the concentrate, after having been removed from the pulp, is 
ground, amalgamated, and returned to it and undergoes exactly the same 
treatment as the siliceous part of the ore. This treatment is said to be 
altogether satisfactory, the regrinding being sufficient to liberate most 
of the contained gold, a part of which is recovered on the plate and the 
remainder in the cyanide treatment. The portion which goes to the 
cyanide plant is amenable to the short-time and weak solutions used there. 
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The explanation, of course, is that the gold is only mechanically com¬ 
bined with the sulphides and is liberated by the additional grinding. 
In the case of chemical combinations other means would be necessary for 
its satisfactory extraction. 

This is a good illustration of the utility of experimental work, for it has 
here fitted an inexpensive process to a material which needs nothing else. 
A separate treatment, such as is usually considered necessary with sul¬ 
phides, might have been considered necessary in this case and an expensive 
plant and treatment system might have been installed had not thorough 
experiment shown the exact requirements of the material. 

The concentrate varies in value from $30 to $80 per ton and the ex¬ 
traction is about as complete as with the siliceous portion of the ore. As 
has already been said, the mill head averages $10 to $12 per ton, and the 
head of the cyanide plant averages about $2 per ton, before the concen¬ 
trate is added. The total extraction obtained from mill and cyanide 
plant approaches 98%. In the cyanide plant alone, about 94% of the 
gold in slime is recovered and 85 to 90% of that in the sand. The tailing 
contains on the average about $0.20 in gold value. 

Consumption of Material and Cost.—The consumption of cyanide is 
0.61 lb. per ton milled; of zinc, 0.216 lb. per ton; of lime, 4.21 lb. per ton, 
and of pebbles, 4.5 lb. per ton of sulphides ground. 

The cost of treatment is given in the accompanying table. 



Milling 

1 Concentration 

Cyaniding 

Tjfl.bor . 

$0,176 

0.075 

0.129 

$0,087 

0.017 

0.027 

$0,166 

0.186 

0.116 

Material. 

Pnwftr . 


Total.. 

$0,380 

$0,131 

$0,468 

Milling. $0,380 .. 

Concentration. 0.131 . 

Cyanidation. 0.468 . 

Total. $0,979 . 


The Empire Mill.—The Empire mill is also near the town of Grass 
Valley. The mine and mill are close together, although as in the case 
of the Central, the milling and cyanide departments are in separate 
buildings. 

The ore at the Empire mill is like that at the North Star, a free-milling 
quartz containing sulphides. The mill is similar, and in fact, the treat¬ 
ment is almost identical, so that it will not be necessary to make a detailed 
study of that practice, but attention will only be called to the few points 
of difference. 

The Empire mill contains 40 stamps of 1050 lb. each and amalgama¬ 
tion is practised both inside and outside the mortars. The quantity of 
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ore milled is from 140 to 150 tons per day, about the same as the North 
Star mills. Concentration is practised as is the case at the other mills. 

The mill pulp flows through a pipe line to the cyanide plant, where 
it is received in two roughing cones, the slime overflowing and going di¬ 
rectly to settlers and the underflow passing for further classification to 
four hydraulic classifying cones, which make the final separation into 
sand and slime. 



EMPIRE MILL. 



EMPIRE CYANIDE PLANT. 

GRASS VALLEY, CALIF. 

The sand is taken directly to the leaching tanks and is delivered into 
them by means of Butters distributors. A feature of the practice both at 
the Empire and Central mills is that the Butters distributors are used 
both in filling the tanks and also in sluicing out the residue. For sluicing 
out the sand, water is admitted through the distributor, the bottom gate 
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opened, and sluicing proceeds automatically. The filter bottom of the 
tank is made slightly inclined, in order to facilitate the discharge. The 
sand tanks are 14 ft. by 9 ft. 4 in., and contain approximately 155 tons. 
The treatment occupies six days and the strong solution is 0.10% KCN, 
as in the case of the Central mill. 

Settling Area.—The slime from the classifiers is taken to the settlers. 
There are four of these, each 24 ft. in diameter and 22 ft. deep, with cone 
bottoms. The pulp is distributed among them as conditions dictate. 
This settling capacity seems extensive for the quantity of slime handled, 
about 65 to 70 tons daily, but it is stated that the settling, even with this 
great capacity, is accomplished only with great difficulty. A large quan¬ 
tity of lime is added to assist settlement, most of this lime being lost in the 
overflow water, which is either run to waste or used in auxiliary opera¬ 
tions about the plant, there being none returned for further use in milling. 

It is an object to draw the slime from these settlers with as little mois¬ 
ture as possible, the dilution usually being about 1:1. As the thickened 
pulp reaches the agitation department it is diluted to about 2:1 with 
fresh solution and is made up to 0.04% cyanide strength. 

The agitation is continuous through four tanks of the Pachuca type, 
each 10X18 ft. The cyanide strength is made up in the first and last 
tanks of the series and a low protective alkalinity maintained. There is 
no thickening or washing of the pulp after agitation except that given in 
the filters, to which the pulp is taken directly from the agitation tanks. 
The filter installation consists of two Oliver machines of the 8-ft. size. 

As at the Central mill, all solutions to be precipitated are first 
used as washes on the sand tanks in order to clarify them. The Merrill 
system of zinc-dust precipitation is used, and there are two triangular 
frame presses, 36-in. frames, having nine and ten frames respectively. 
These presses have pipe connections for the solution outlets which deliver 
above the level of the top of the frames. The precipitate is acid treated 
and melted. 

The concentrate treated, about four tons daily (part of which is pur¬ 
chased), is reground in a 4X8-ft. Allis-Chalmers tube mill, run over plates 
and classified at the cyanide plant in a separate cone, the overflow of 
which joins the stream of slime to the settlers and the underflow, the 
product going to the sand-leaching tanks. This separate classification is 
the only detail in which the concentrate treatment differs from that in 
use at the Central mill. 

The general arrangement at the Empire mill is somewhat less com¬ 
plicated, as it is understood that the mill stands exactly as designed and 
the necessity for inconvenient remodeling has been avoided. 

The Grass Valley properties present mining in its most attractive form. 
Situated in a fertile agricultural district, free from climatic extremes and 
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surrounded by luxuriant vegetation, the aspect differs widely from the 
usual mining camp. The district is old, the first discovery was m 1850, 
and proven, so that makeshifts and cheap construction have long since 
given place to substantial installations, an artistic eye having evidently- 
been concerned in the general plans. This is especially true at the Empire 
where stone buildings and pleasant foliage give an appearance more like 
that generally presented by well designed and permanent habitations than, 
mining camps. Those concerned in the operation of these mines are 
fortunate indeed in their habitation. 



CHAPTER XVn 


THE BLACK OAK PLANT, CALIFORNIA 

Near the town of Soulsbyville, in Tuolumne C.-ounty, Calif., is situated 
the plant of the Black Oak Development Co., said to be the only mill at 
the present in the State of California which employs the total-sliming, 
continuous-agitation process of treatment. The property is in an agree¬ 
able district where climatic conditions are good and the natural surround¬ 
ings pleasant. 

Ore Character.—The plant is near the town of Tuolumne, the terminus 
of the branch line railroad by means of which the district is reached, from 
Stockton, via Oakdale. 

Gold and silver both occur in the ore of the Black Oak mine, and the 
proportion is 2 or 3 parts of silver, by weight, to one of gold. In this 
proportion the gold is, of course, by far the most important factor to be 
considered in the metallurgy of the ore, l)ut, as will l)e mentioned later, 
the silver is in sufficient quantity to make advisable' a spcKvial effort to 
recover a goodly proportion of it. 

Most of the valuable metal is in quartz which occurs in a granitc-diorite 
country rock, and sulphides contain the greater part of the silver and gold. 
As often happens in California ores, this gold does not seem to })e chemi¬ 
cally combined with the sulphides, but only me(d\ani(uUly, so that fine 
grinding liberates the greater part of it. The silveu- is, of course, largely in 
combination as sulphide, in which condition it is ameual>l(i to cyanidation 
after having been subjected to fine grinding. 

Comparison with Other Ores.—It is noteworthy that the ore deposits 
of the Black Oak mine, and of the surrounding distriedi similar in a general 
way to the mineral already descril)ed at Grass Vall(\y, are said to be similar 
to the majority of ores in the mines on the Motluu Lode, and identical 
with some of them. If this is true, the question irnmediattdy is suggested 
as to why the other Mother Lode mines, or at least some of them, do not 
make use of cyanidation, a process which has demonstrated its efficiency 
and economy on similar material. Mother Lode ores are still being 
beneficiated by old methods, amalgamation and conc(mtration. While 
both of these systems are simple and cheap, it is undenial)l(^ that neither of 
them approaches cyanidation in the amount of recovery from simple ores. 
Some have informed me that Mother Lode ores ar(^ not tr('atable by cyani¬ 
dation. while others have assured me quite as ('mpluiticuillv that thev are. 
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DKIWILS i)V (’VANIUIC PitAC'rK'K 


In view of results obtaiiHul at Black ()ak and (Irass \^allt‘y, t lu^ i)r(‘[)ouder- 
ance of (‘vidciutc would stuan to h(‘ in favor of t lu^ hdita* statcaucait. Per¬ 
haps the (‘xjxa'uaicc of th(^s(‘ two (*anips will lHM)f valuer to those opera¬ 
tors on the Motiu‘r Lod<' who d(‘sir<‘ lo iu<‘r(‘as(' th(‘ (‘Ihcuiaicy of their 
instalhitions. 

The Crushing System. ()n‘ from the mine is first. d(‘liv(M-(al to the mill 
bin which has a ca,pa(tity of about ISA tons, hour t'halhaigc^ IV.eders 
deliver it into tlu^ mortars of a2(Kst uttip ta’ushiug |)laut, (‘a.(‘h stamp weigh¬ 
ing 1250 lb. and dropping 102 tim(‘s p(‘r itiiimb^ through 0 in. Mortars 
arc of the narrow pat t<‘ni <l(\signcd for raj)id <‘ruslung. Threx' of them are 
equipped with t (>u-(*ap scrtaais having apta'tun‘s pta- in(‘h, a.nd the re¬ 
maining mortar has a ()-mt‘sh, scpiare upert urc senam. 'hhis (‘oarse screen 
adds suflicient granular matiTial to incrt‘ast^ tln^ (d!i(‘icm*y of sul)scx|uent 
tTibc mill work. Many of t In^ rccxmtly constructed mills an‘ ado[)t;ing the 
system of varunl bxxl for tul>(‘ milts and the' results thus far S(a*m to have 
amply justificsl tin* practica*. 

The Bhn^k Oak mill was originally a Itbstamp plmit. (*ontainiug the 
()l(kstyl(‘. stamps of light weight, hut. it has laam (mtirely rc*built witli new 
and appropriate macliitua’y. d'lnTe is still room for 10 stamps under the 
present room, in fa<‘t 20 of tin* taaginnl stumps are still tInaa* in a more or 
less <lismantl(*d (‘onditiou. With ftirthcr mine dt^v(‘lopmeni all available 
space* may be r<*(pnr(*d. 

Classifying and Regrinding. Bulf> fnuti tin* stamps fhnvs by gravity 
to a Dorr Oassifica* of tin^ usual typt* in whit*h the slime is si*parated and 
takem dirtadly to tr(‘atmeut and the satid is delivt*rt*d to a tube mill 
for furtlnu' grinding. This tube mill is oK IH ft. and is of tint type made 
by tlie Power A: Mining Maehim*ry < he It is operati*d at 21) r.p.im and 
requir(\s -18 hp. to ke{‘p it moving. Importtnl pebbles ar<^ tised, the con¬ 
sumption of which is 5 Ih. pt*r ton of ore crushed. d1n* luirduess of the 
on* is attested by this (*onsumption of pebbles whieft is c*xiraordinarily 
high. 

(Jrotmd product from the tube mill is reftirned to tlm clasHifier by 
means of a buck(*t c*levator. tlnis forming a closed eireuit. tin* only exit 
from whieli is the slinn* in comlilton for agitation treatment, 

Upon its exit from the eluHsilier, tin* slime prof'ceds to a H)X2()-ft 
Dorr thiekema*! winaat a p<»rtion of the solution is deea-iited and a thick¬ 
ened pulp <lelivered of proper camsisteney for f he siibse(|Uf*nt ewanidation. 

Agitation of the Slimo* Slinn* treatment is performi^d in timksof the 
Pachuca type of whic*h there are three, lairlt ft. Passage of the 

pulp is ca)ntinuou.s through these tanks and during the time of agitation 
the c*xtraction of tin* contained gold is prarfir*a!!y complete. 

The Dorr t]iic*kener, whieh prepan*s the pulp for the agitation tankS; 
deIivm*H a pul|i in which the proportion of slime to solution isalaiut l:l|. 
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The thickener is operated at about one revolution in six minutes, and in 
common with these machines, requires an extremely small expenditure of 
power. 
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ISS-Ton Ore Bin 


4~Challen0e Feeders 

20 -1250 th. SftPimps, nc^irrow 
MorFc>!rs,l02 Drops.-6"drop 

/- Duplex Dorr Clc^sslfier 


1-5x18' Tube hill, 26 R,p.m. 
Bucket Elevator 


l-!0x20'Dorr Thickener 


^-10x50 Pachuca-Type Agitators 
(Continuous System) 


1-10x20 Dorr Thickener 


1-12'Oliver Filter 
SIime Residue ^ 

Solution Collecting Tank 


2-56 Frame,24"Claritying Presses 
Pregnant Solution Tank 
Zinc Feeder 

1-16 Frame,52"Merrill Precipitation 

Press 


^ Solution Sump 

"O * 

I ' I Dryincf Pan 
Q Olt Fired Tilting Furnace 
\ 

Bullion 

FLOW SHEET OF BLACK OAK MILL. 


The material agitated is true slime, or colloid, only in small proportion, 
the major part consisting of extremely fine granular matter. About 78% 
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of it is suilicieutl}' tiiio to pass a 2()()“nu‘sh scrtHMi, while 98 to 99% will 
pass a 150-niesli tiperturo. Pipe ooniUH-tioiis for thi^ cotitiuuous passage 
of the pull) arc 4 in. iu dianu4»(‘r. 

Continuous Filtration. Issuing; from tlu^ ag:itu,tiou trc^atment in the 
Pacluxca tanks, the pulp is rcaurivial iu a, s(h‘ou<1 Dorr tira^keuer, identical 
in its diuicnsions with the one first. nuaitioiUMl. Just la^fort^ reaching this 
thickener, the pulp is dilupHl with tln^ ovia'dow product of the first 
thickenca- and tlu^ niixturc^ thi<*k<auHl to a. point wluaa^ t h(^ underflow of 
pulp issuing contains solution and vsolid in a. I: I proportion. 

This thi(tk(vn,ed pulp is dtdivtnaal to a I2-ft. OliviU' (U)ntiuuous filter. 
The slinu^ residue is dewat(‘red and discainhal and tlu^ solution, together 
with the overflow from t he final I )orr thi(‘k<una’, is gatheiaal in a collecting 
tank from which it is taken to th(‘ pn^cipitation syshan. 

For precapitat ion tlu^ ,M(‘rriIl systcau, using dust, is followed. A 
special ziiUMlust lecaha* drops tln^ pnaapitant. into t In^ strcauu of pregnant 
solution going from tlu^ tank to t h(‘ suction of tht‘ pump, and the mixture 
is forced through alt)«franu‘ filter prc'ssof t lu^ Merrill typca Tln^ frames of 
this press ar(‘ 02 in. acaoss th(‘ top and an^ triangular iu shape as is usual. 

Solution, aft (a* fjrcMapitution, is rcMa^ivcal in a sump from which it is 
pumped up to tlu^ soluthm storage* tank lor furtlua’ use* iu tin* mill, 

Pr(Ha|)itat(' from Uh* pr(‘ss is parti.ally dvwd in a drying pan, tluxed and 
imdicMl in a. tilting, oil-flrcal funuua*. 'Kht* ac<*ompanyiug tlow-sluad; dia¬ 
gram illustrates tin* metrdlurgicaJ process folh»wt‘d in tin* mill and the 
prim^iiail ma(‘hin<‘ry iustath'd. 

Character of the Dry Slime. 1'in* lUack t>ak ma* is hard, as has 
aliaaidy bec^ii nnaifiom'd, ainl remains largely in tin* granular states even 
after (U)ntinu(Hl grinding. Tin* specific gravity of the dry slinn^ iu the 
condition in whi(*h it is stihj(‘<*tcd to agitation ircatmi*nt.. is about 2.8, a 
figure which is ratln*r high in (*omparison with ordinary siliccaHis slimes, 
which gcn(‘rally contain a greater proportion <»f colhud matt<*r. 

The mill will treat about I9() tons pt*r day of 2I Iiours, but at present 
the ra,t(* of (‘rushing is n(*ar 85 tons daily. Av(‘rng(* run of <aa‘ will contain 
a eomI)in(‘d g(»ld urnl .silv(*r value <d‘ 815 pt*r ton iti tin* proporiituts which 
havt* alr(‘ady lHM*n mc*ntioinnl. 

Of the gold, 97^\t is usually extracti**! wit head ditbeadt v, and about 
92C(. of tin* silv<*r. 'rrc*atnient soluf ioris (*onfain KOX and 0.15% 

(hiO. Linn* is added ni tin* bnft(*ri(‘s and in fht* agitators. litharge is 
us(‘d as a source of h*ad for removing .sciubh* sulphides fiaati solution and 
is add(*d at the tula* mill in ordi*r to fat*ilitat(* soliditm. 

Chemical Consumption. Tin* consumption of tdiemiciiis and supplies 
is low, as is usual when tr(*ating an ore wfi(»se vnlne is lnrgi*ly in its gold 
content. Tin* cyanidt* ecaisuinpthm is ti) lb. per ton; of litharge*, 0.351b.; 
of lime, 3 lb.; of zinc*, I lb,, and of p(*bhii*s. 5 !b. per ton. 
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table of costs at the black oak mill, calif., based on milling 

2202.5 TONS 


Supplies 

Rock crusher. 

Batteries. 

Tube milling. 

Tube-mill liners. 

Classification. 

Refining. 

Repairs. 

Office and general superintendent 

Assaying. 

Marketing bullion: 

Control. $10.45 

Treatment. . . 167.38 

Express. 25.25. 

Cyanide. 

Lime. 

Litharge. 

Zinc. 

Pebbles. 


Per Ton 

$0.0121 

0.0158 

0.0349 

0.0266 

0.0039 

0.0195 

0.0131 

0.0042 

0.0241 


0.0922 

0.2018 

0.0111 

0.0507 

0.0970 

0.0780 


$0.6850 


Power and lights 
Insuranc-e. 


$0.3500 

0.0200 


Labor 

Rock .. 

Tramming. 

Batteries. 

Tube ixiilling. 

Classification. 

Agitation. 

Thickening. 

Pumping and elevating... 

Filtration. 

Clarification. 

Precipitation. 

Refining. 

Repairs... 

Office and general superintendent 

Mill superintendent. 

Power and light. 

Assaying. 


$0.0453 
0.0844 
0.0968 
0.0184 
0.0192 
0.0223 
0.0223 
0.0244 
0.0246 
0.0224 
0.0236 
0.0305 
0.0523 
. 0.0715 

, 0.0681 
. 0.0165 

. 0.0315 


$0.6741 


Total mill costs 


$1.7291 


Seven men, excluding the superintendent, 
tion and 130 hp. is the average consumption of energy for moving 
machinery. While the mill is small and handles only a limited cnian^ty 
o “re, cits have been reduced to an extremely reasonable figure as i, 
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shown by the accompanying tabulated list of items. During the two 
months following that in which this report was made, a general reduction 
of costs has been accomplished, the total being reduced to about $1.61 
per ton. The operators are fortunate in having an ample supply of water 
and conditions generally favorableTor successful operation. 



CHAPTER XVIII 

THE GOLD ROAD MILL, ARIZONA 

T he mill of the Gold Road Mines Co. is situated at Gold Road, about 
20 miles from the town of Kingman in western Arizona. Railroad com- 
munication is established at Kingman and connection with the mine is by 
wagon road over which freight is hauled by horses, and passengers by 
automobile stage. The region is arid, water is scarce and has to be con¬ 
served with care. 

Local ores have gold as the principal valuable constituent, the metal 
being finely divided and distributed through a gangue consisting of quartz 



GOLD ROAD MILL, GOLD ROAD, ARIZ. LOOKING TOWARD THE CRUSHING PLANT. 

and some calcite in a country of andesitic rock. There is no great quan¬ 
tity of sulphides, the gold being free and principally fine. On account of 
the fineness and wide distribution of the gold, a rather high degree of 
crushing is required and the total-sliming process is followed. 

The mill is not an original construction, but rather a development, the 
remnants of machinery used in various processes, now relinquished, remain 
as reminders of the older systems of metallurgy.. This changing of sys- 
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deal of territory; a fact which may be seen by a study of the accompany¬ 
ing engravings. Notwithstanding this circumstance; a plant of ex¬ 
ceedingly good metallurgical performance is now in operation, the details 
of which are explained in this paper. 

Preliminary Breaking.—Installed at the mine is a No- 5 Gates gyratory 
crusher where the ore receives its preliminary breaking. From the 
crusher it is trammed to the mill, where it is delivered into a 1540-ton bin 
which supplies the mill as required. During the preliminary breaking at 
the mine, the required portion of lime is added to the ore so that by the 
time the material has passed through the bin and entered the stamp-crush- 



GOLD ROAD MILL, GOLD ROAD, ARIZ. UPPER SIDE VIEW. 


ing department, the lime has performed a great deal of its essential work, 
neutralizing the developed acidity and becoming more or less slaked and 
ready to offset the acids which may be formed later in the course of its 
treatment. This method of lime addition is advocated by many operators 
because of the advantages enumerated above, and further, because the 
lump form is progressively crushed as is the ore, and develops alkaline 
conditions, when the addition is at the appropriate rate, just as the ore 
develops acidity. Others advocate the powdered form of lime, sometimes 
previously slaked, and make additions at the point and time when acidity 
develops. No doubt a greater percentage of CaO can be dissolved by 
careful slaking under favorable conditions, but whether the highest ulti¬ 
mate economy and efficiency are reached by so doing, is a question which 
will have to be solved for every problem after consideration of all the 
conditions. 
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Crushing and Grinding.—From the bin, Challenge feeders deliver 
the ore into a battery of forty 1050-lb. stamps, making 104 drops per min. 
through 7 in. The stamp crushing is done in solution. Screens of 4- 
mesh are used on the batteries, the stamp duty being about nine tons per 
stamp per day, or a total of 360 tons daily for the mill. 

Pulp from the stamps is led to two distributing cones, one 4 ft. and 
one 6 ft. in diameter, from which it goes to six duplex Dorr classifiers, 
where the overflow slime is removed and the sand dewatered and delivered 
to the tube mills for regrinding. 

There are four tube mills, each 5X22 ft, used in closed circuit with 
the classifiers, the delivery from the tube mills being elevated with 10 X 54- 
in. Frenier pumps and returned to the classifiers where any sand not 
sufficiently fine for treatment by agitation, is removed and returned to the 
tube mill for further grinding. El Oro linings are used in these mills and 
are said to be entirely satisfactoi*y, each lining lasting a year before it is 
replaced. Imported pebbles are used in the mills, the consumption being 
4 lb. per ton crushed. 

It has been practically found unnecessary to grind this ore through 
a 200-mesh screen, the product passing a 100-mesh screen giving as good 
extraction results. In practice, the pulp delivered to the agitation treat¬ 
ment contains about 86 to 87 % which will pass a 150-mesh screen. The 
specific gravity of the dry slime has been determined and is stated to 
be 2.63, a figure denoting about medium weight. 

Thickening and Agitation.—The entire pulp from the grinding system 
is received in two 30X10-ft. Dorr thickeners, the overflow solution going 
to clarifying tanks and the underflow of thickened pulp being taken to the 
agitation system. This agitation installation consists of three 17 X44-ft. 
Pachuca tanks which were used in series, but, having found that so long 
a time for agitation was not necessary to secure highest extraction, this, 
together with the inherent inconveniences of this kind of tank, resulted 
in cutting out two of them and the using of only one. 

With the pulp of the grade and character customary at Gold Road, it is 
somewhat difficult to prevent settling of a portion on the solids, and in such 
cases the Pachuca tank has often been found unsatisfactory. Here the 
settlement became so great that the time of agitation was reduced to 
practically nothing. It is stated that the settlement was so hard and solid 
that one could step over the edge into the tank and walk about, keeping 
away from the center, without any inconvenience. 

Thickened pulp, that coming from the thickeners into the agitation 
department, has the dilution ratio of about 1 to 1, and retains this con¬ 
sistency until after finishing the agitation treatment. Contact between 
the ore and cyanide solution was 36 to 48 hr. in the mill, counting from its 
first pulping at the cones, to its discharge. Owing to a change in the 
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delivered to a series of thickeners where the pulp is successively dewatered 
and rediluted, thus washing out the dissolved metal in the pulp. 

This treatment is not that which has been generally followed at the 
Gold Road mill. The former method, followed until a few months ago, 
involved delivering the slime from the agitation system into a slime-storage 
tank whence it was taken by a 120-leaf Butters filter installation and 
handled in the usual way. After the cake had been dropped from the 
filter leaves, it was mixed thoroughly in a tank containing mechanical 
agitators and discharged by gravity after passing an automatic mechanical 
sampler. 

For many reasons, this system has been dispensed with and the pulp 
from the agitation system is delivered to two thickeners. 

Filtration vs. Decantation.—The solution overflow from these thick¬ 
eners is pumped back to the head of the mill and used as mill solution, 
while the thickened underflow goes to two more thickeners, before reach¬ 
ing which, however, it is diluted with solution previously precipitated. 
The solution overflow from this second pair of thickeners is sent back to 
dilute the pulp entering the first pair of thickeners. This solution, over¬ 
flowing from the first pair of thickeners, does not require immediate pre¬ 
cipitation as it consists largely of precipitated solution as has been shown. 
The first solution for precipitation is taken from the overflow of the Dorr 
thickener, through which the pulp passes before reaching the agitation 
system in the Pachuca tanks. 

Second Thickening System.—As a final result, then, the pulp from the 
agitation system going into the first thickening unit, consisting of two 
pairs of thickeners, issues from it in form of a thick pulp of about the same 
consistency at which it entered, having been meantime diluted with 
barren solution, and twice thickened. The barren solution has passed 
through the pulp, diluted the metal-bearing solution, and carried most of 
its value to the mill solution circulation. From this circulation a great 
proportion of the solution passes to precipitation from the first Dorr 
thickener, which follows the tube mills, avoiding any extensive building 
up of value in solution. 

Underflowing from the first thickening system, the thick pulp goes to a 
second system, which consists of three pairs of thickening tanks. In this 
unit the pulp is repeatedly thickened and washed ,water in this case being 
the washing medium. The counter-current system is followed, water 
entering at the final thickener and progressing backward to the first of the 
series, the solids taking the opposite direction. 

There is provided a separate precipitation circuit to accompany this 
washing unit, with facilities for diverting the solution either into the mill- 
solution circuit, before precipitation, or into the washing circuit itself 
after precipitation. The precipitate joins the bulk of that from the main 
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precipitation system, which is carried to the refining department. The 
movement of pulp and solution is graphically shown in the accompanying 
flow sheet. 

Preference for Decantation. —Undoubtedly, the adoption of this 
system will be regarded with interest by everyone connected with the 
process. Not merely is it interesting as an example of continuous coun¬ 
ter-current decantation, noteworthy as it is from that point of view, but 
more particularly because that system has supplanted a large, modern, 
vacuum-filter installation with results, according to statement of the 
operators, better than those obtained under former method of operation. 

There is food for considerable serious thought in this change, but there 
is danger of falling into popular form of error, and regarding the procedure 
as a reversion to a system already discarded, or, in other words, a step 
backward. A little thought, however, will make clear the fact that it is 
nothing of the kind, but rather a refinement of an earlier process, than 
which no change can be more progressive. It is clear to the most casual 
observer that the system used at the Gold Road mill is not applicable to 
all mills, although it may, as in the present instance, be applied occasion¬ 
ally with favorable results both as to percent of recovery and cost of 
operation. It is applicable in its present form only where solutions carry¬ 
ing low cyanide percentages can be used and where the amount of metal 
in solution is comparatively small, conditions which are manifestly present 
when low or medium-grade gold ores are treated. Where high-grade 
solutions are used, it would be impossible to use the system in this form 
because a large loss of cyanide would be entailed, but by following up 
the decantation with a form of continuous filtration which would reduce 
the moisture content of the residue to about 25%, the system is not only 
feasible, but advantageous. To steer clear of generalities is necessary for 
the intelligent consideration of any innovation, so that in estimating the 
value of this one, it must not be considered revolutionary nor reactionary, 
nor anything more than a simple, clear application of a newly developed 
system to a particular case. 

Precipitation by Zinc Dust.—Solutions of both circuits are precipi¬ 
tated with zinc dust, the special feeders and presses being provided in each 
case, as is shown in the flowsheet. Square-frame presses are used, and not 
the triangular form usually found in Merrill installations. A variation of 
the general filter-press practice is the use of three filter coverings for each 
plate. The layer next the cake of precipitate is of filter paper, the inter¬ 
mediate one of light muslin, and the outer one of the usual canvas. The 
paper is removed and burned with each precipitate cake, the intermediate 
sheet lasts for several clean-ups, while the canvas, by careful cleaning, is 
made to last indefinitely. 

The method of adding zinc dust to the solution is the Bosqui system^ 



THE GOLD ROAD MILL, ARIZONA 


NaS 6aies Crushers 
^ ai-M'ne 

Tram fy> Bin 

1540 Ton Ore Bin 


Wafer Sforage Tankssill^jj-iQ^ \ 

Q/ernte A SChclhng^rced^r^ 


fS^ OT i Sfamps, YOrop^ 

‘ 104 Drops.4-Mesh Screens 


\ o 

C'^anideDissolving \ 'z:_ 
lank ' ■ 


O’" 1~ 5 'and h4'Dts-fri bufing 

^ i.._--L. Cone 


i \ ig 

'J 




S'Ctarifying Tanks 

r-t-, 51 "b i ' 

Clarifying Press 
2- Preg nan f- 


•ana 
SoTuHon Tanks ' 


6-Duplex Dorr 

Classifiers 


4-5x22 Tube Hi!Is 


4-J0x54 Fren/er Pumps 
2'50x10 Dorr Thickeners 

1-17x44 fhchuca Tank 
~ik 2-Thickeners 


Bosgui Prec/plk- 
aHon Syshern 

Precipifafe Press 
Sforage Tank 


2-Storage Tanks 

Clarifying Press 
Zinc Feeder 

Prectprhrhe 

Press 


d d; 


I I ! ^ 

6-4 J i 


2'lhickeners 
5-Storage Tank 


I 6'Thickeners 



! AufomaHc Tailing 

__ >. Sampler 

I Shme Tailing fo 
^ Wasie 


Acid'Treafmeni" Tank 

Filter Press 


Bullion 


Roasting Ran 


Sfeel&tlarvey Oil-Fired 
Tilting Furnace 





202 


DI'ri'AII.S OK (■\ Wllii: Kl!Aorici.; 


controlled I>.v tlie Merrill .MetaHuritienl <'n. and, a,-« is usual (lie’•p 
agitator Ls ii.sed for enudsifyiiiK. Tlie eoiisiniqit ion of zinc du'st anio t 
to about 0.4 lb. [)er ton of solution (ireeipil.-tled. ' ® 

Pr(‘eii)it.iite is liatalled in the usual «.'iy Pornierly aeid treatiiieutw- 
not r(‘.sorted to. but. at liresent a luvliniiiuiry aeid "laittiuK-down”''*^ 
made and th<‘mass of preeipitate is t b.m loasL-d. 'Fla'dry productoftP 
roasting pan is fluxed am! melted in ;i .'^te.de Ilarvev oil-fired furnnec' 
Exp('rienee at this {)lant li.ns been siieli as to 'h-iitonsf rate th.at .solufjo^^ 
eontainin^^ ('xeei)tiunally lou pereent.aaes of e> ;inide e.-m l,e priripitatod 
aiuaa'ssfully when the pereentajie of lime e.arrie.i is sutlieieiitlv JuKh. Solii 
tiouH (aadiainitiK as little as 2e, t.i I.Ae. in p'ld and very we.ak in cyanidr 
solutions from w.ashiuK .systems, are site.-essfuHy preeipitaled by ckrrvmff 
hi^h alknliiiity. * ‘ k 

As has already ... mentioned, the lim.- o .„lded at the miiteerushhig 

plant. 'I'lie eonsumption anmunts to .about O.Im lb, per ton treatpcl 
Treatment .solutions usually earry 2 to 2 ] lb. (‘.an, ,,er t„„ of ,s(tlntion 
Cyanide in the Tube Mill. The leKular addition of eyanide for 
keeping up the strength of mill soiutiom.. is at the tube mill. This 
is olten eonsideied an i‘\eeilent point tor addition of ewinide, a.s if i[j 
immediately crushed and (.lit into •.oliition; be-ides, the eneruetie airita- 
tion in the mill, tofrelher with the sMiui-wiiat eh vaied leiiijierature gives 
the l.e.st 0 ( 11 ,ortunity for dissolving tbegreate .i (m. . able .pmufity „fu„,tab 
bolutions, at t he (!old lutad mill, are eaii ied at aboiil 2 to 2* Ih Kf’N 
pm- ton, only one strength being iu u-e. rii.- eon uniptiou isji"botit (Wlh 
p(‘r ton of on* Iroatod. 

Kxtraetion of gold is u.siiail.\ about PI' , or more, and is l•alt■lllHt<Hl by 
using the eombined eonlent o! bullion (Uoduei d and tailing disehurged ns 
theeoiiteni ol (he ore milled. Ibeognizing the iimitatioiiN of t his .system 
carelul duiilieation and ehe.-k sam|.!.-s are talo n eontimioiislv in various 

parts of fhf‘mil!. 

The total milling |,roee... re.inir.-. hp b.r ,t, o|H.rnlmn and 20 
men ari' emi.loyed eontinimudy. tuo of ihe.e being r.-|mir men. 

Detailed eost data on this in'lallaiion would b.- exceetlitiglv inter- 
estmg, imi imfortnnately the (.oliey of th.- eomj.any is adverse to .such 
pubheafion, and for that reason m. tignr.-, eati be given. It may, how¬ 
ever, be .said fhaf theex{teiises are altogether reasonable .-md in eon’formity 
with tlio.se found satisfaeiory in the be.t installations of its kind. 



CHAPTER XIX. 

TWO ARIZONA MILLS 


The property of the Tom Reed Gold Mines Co. is situated in the 
western part of the state of Arizona, not far from the California line. The 
village of Oatman, which consists principally of the officers and employees 
of the Tom Reed C'o., is not reached by the railroad, but communication 
is established at Kingman, about 20 miles distant. With Kingman, 



GENERAL VIEW OF TOM REED MILL, OATMAN, ARIZ. 


transportation is by means of automobile stage for passengers; machinery 
and supplies are brought in on wagons and occasionally pack animals. 

The situation is in a rocky, desert country, comparatively isolated, the 
nearest activity being at the Gold Road mine of the U. S. Smelting, Re¬ 
fining & Mining Co., about miles distant. Aside from this large mine, 
there is nothing within a much greater distance. Water is scarce and its 
use has to be governed by great economy. The name of the company is 
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Character of the Ore.—Gold is the principal valuable metal in. the ore, 
and it occurs generally free in quartz and, to a smaller extent in calcite. 
The ore is not particularly hard, but requires fairly fine grinding to free 
the gold and expose it to the action of cyanide solutions. 

From $15 to $25 per ton is the general variation in the value of the ore 
treated in the mill and the average for several months at a time has been 
near the higher figure. While there is a small amount of silver occurring 
with the gold, it is not significant and no effort to save it would be worth 
while. At present the mill treats about 150 tons daily of dry ore, crush¬ 
ing with stamps and regrinding with tube mills. The total-sliming system 



FILTER PLANT DISCHARGE AT TOM REED MILL. 

of cyanidation is followed, crushing in cyanide solution containing 2 lb. 
KCN per ton. At the point where it is ready for the agitation treatment, 
the solids in the pulp will average about 70% through a 200-mesh screen 
and remaining on 100 mesh the quantity is about 1 to 2%, the whole 
making a product not particularly difficult to agitate. 

Character of Material.—While pulp of this class may be difficult to 
agitate in those cases when it is largely heavy, granular and devoid of 
colloid constituent, the governing factor is usually, or ought to be, the 
fineness necessary to liberate the economically maximum, amount of gold. 
The question of fine grinding has prompted vigorous partisanship for or 
against it by those metallurgists who believe strongly in. extremes of fine 
grinding or no regrinding at all. Some maintain that extremely fine 
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grinding is wasteful and costly, and that if the grinding is not carried to 
extremes, agitation of the entire pulp is unnecessary and extravagant. 
Certainly there are several factors which must be given consideration. 
Primarily, of course, the cost of fine grinding must be weighed against the 
additional income furnished by it, and, to be truly profitable, this 
increased income must be sufficient to cover the cost of regrinding, interest 
and depreciation on the grinding plant, and leave a profit in addition. 
Even this comparison alone, however, is not sufficitmt to justify a proper 
decision. Part of the material reduced to the so-called state of slime is 
likely to be granular, though fine, and its agitation will cost more than if 
a true slime, or colloid matter, were being handled. This extra cost of 
agitation is not to be ignored in an exhaustive search for definite facts. 

Contrary to what seems to be the general belief a large proportion of 
this fine granular material might be successfully leached provided only 
that it is well cleaned, that is, entirely freed of colloid material. If, 
and when, this granular material is sufficient!}^ fine to liberate the con¬ 
tained metal'and expose it to the action of cyanide solutions, it is more 
than likely that leaching will provide for recovery of an amount equal to 
that which could be obtained by agitation, at much less cost. Leach¬ 
ing will take longer to accomplish the same result, but the cost will be 
less and extraction will be as good in many cases. Also, the installation 
of a leaching plant costs less than that for agitation, and maintenance 
expenses and interest are therefore lower. In calculating the cost of 
leaching plants, however, it should not be forgotten that the separation, 
meaning a definite and clearly marked separation, of fine, granular mater¬ 
ial from a slime pulp is not a simple operation and is likely to cost an 
appreciable sum per ton treated. The most natural deduction is that 
every problem should receive separate study and be solved according to its 
requirements. At the Tom Reed plant, the grinding is carried to a fine 
point where the product is comparatively easy to agitate and gives 
better extraction; hence the total-sliming treatment. 

Stamp-crushing.—At the Tom Reed mine the ore is hoisted and passed 
over a grizzly and through a No. 2 Austin gyratory crusher. Thus pre¬ 
pared, the ore is delivered to a long 16-in. conveyor belt which delivers it 
to the mill bin. From the bin. Challenge feeders supply a battery of 20 
stamps of 1250 lb. each, dropping 105 times per minute through 6 in. 
The materia] is crushed to pass a 12-mesh screen. Crushing is done in 
cyanide solution containing 2 lb. KCN per ton and alkalinity equal to 
about 2 lb. CaO per ton of solution is carried. 

From the stamps the pulp is received in a 6-ft. hydraulic cone, the 
slime overflowing to a circuit which will be described, and the sand going 
directly into the first tube mill. 

Tube-milling and Classification.—Sand, or underflow, from the 6-ft. 
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cone is fed into the first tube mill which is 5X22 ft., and equipped with 
El Oro lining. From this mill the entire pulp is delivered into a Dorr 
duplex classifier, from which the slime overflow joins the overflow from 
the 6-ft. cone first mentioned and the sand is delivered to an 8 X 54-in. 
Frenier pump, and thence to the second tube mill. This mill is a 
small one, 3|X16 ft., and is also fitted with the El Oro lining, which has 
given good results at this mill. The pebble consumption in these mills is 
4 lb. per ton of ore crushed. This small tube mill delivers its product into 
another hydraulic cone, this one 5 ft. in diameter, whose overflow com¬ 
prises the stream of total slime going to the agitation system. Its under¬ 
flow is fed into a second duplex Dorr classifier, the overflow from which 
returns to the cone and overflows from there into the treatment circuit, 
while the sand product is taken to the Frenier pump which elevates it, for 
further grinding, into the small tube mill. It will be noted that the 
rather complicated flow of pulp through the grinding and separating 
machines is merely an exceptionally careful system of separating sand and 
slime so that the pulp for agitation may be uniformly and finely reground. 

Agitation of Slime.—A 10X30-ft. Dorr thickener receives the slim(^ 
pulp now prepared for agitation, thickens it to a consistency of al)Out 1:1 
and delivers the thickened product to a battery of four 38 X lO-ft. Ihudmea 
tanks which are operated in series. During agitation treatment the 
solution is maintained at 3 lb. KCN per ton and 2 lb. CaO per ton. Duo 
to the character of the ore, the chemical consumption of (iyauido is so 
small that it may be disregarded. The total cyanide loss is f lb. |)er ton of 
ore milled and is almost entirely mechanical. The lime consumption is 
about I lb. per ton of ore treated. 

Discussion of Filtration.—Pulp from the agitation tanks is received in 
another 10X30-ft. Dorr thickener which delivers thickened pulp into a 
series of stock tanks which are equipped with meclianical agitators, in 
which the pulp is kept thoroughly mixed until ready for filtration. The 
overflow is returned to dilute the inflow into the first thickener, the solu¬ 
tions being disposed of, as shown in the accompanying flow sheet. A 48- 
leaf filter of the stationary vacuum type, or Butters system, is used for 
filtration, and, although it has proved satisfactory, it will probably be re¬ 
placed by continuous decantation in the near future, experience and experi¬ 
ments having shown that system to be more economical and quite as 
efficient. Tailing from the filtering tanks is discharged by gravity into a 
dam, where the material is skimmed at intervals, as has already been 
described.^ 

Solutions from the filtration plant are precipitated and returned to a 
treatment-solution storage tank, from which the solution for treatment is 
drawn. Any surplus at this point may be returned to the mill-solution 

1 "^Eng. and Min. Journ.,” Mar. 22, 1913; p. 618. 
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tank at the head of the mill, thus maintaining a solution balance without 
difficulty. 

Precipitation Method.—Zinc shavings have been used for a long time 
for precipitating the gold from cyanide solutions at the Tom Reed mill, 
but recently the system was changed and the Merrill zinc-dust apparatus 
installed. The system gives entirely satisfactory results, 420 tons of 
solution being precipitated in a plant designed to handle only 300 tons. 
With zinc shavings, the consumption of zinc amounted to 0.25 Ib. per ton 
of ore treated, while with zinc dust only 0.15 lb. is necessary. 

The mill crushes an average of 150 tons per day, requires 134 hp. for its 
operation, and employs 16 men for its regular control. Pebble consump¬ 
tion in the tube mills amounts to 4 lb. per ton of ore crushed. While 
itemized cost data is not obtainable, the aggregate is $2.50 per ton milled, 
including the depreciation account. Average extraction is 95% of the 
gold in the ore. 



THE VULTURE MILL, WICKENB UIIG, AHIZ. 

The Vulture MiU.—The property of the Vulture Mines Co. is situated 
about 14 miles southwest of Wickenburg, in central Arizona. The coun¬ 
try is practically desert, and water is scarce. There is no available wood 
for fuel, and, as coal is extremely expensive laid down at the mine, distil¬ 
late and oil are used entirely to furnish motive power. Power for the mill 
is furnished by two 150-hp. Nash engines, which are entirely satisfactory. 

The valuable metal is gold, which occurs in white quartz, together 
with pyrite and small quantities of galena and chalcopyrite, sometimes 
banded and sometimes occurring in masses with the pyrite. The present 
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orebody is one which was discovered in 1911, the vein having been faulted 
and the ore entirely lost. The mine is an old one, having been discovered 
by H. Wickenburgin 1863. Surrounding country rock is dioritic schist, 
no igneous intrusions having any influence on the ore deposition. The 
average milling ore contains gold to the value of approximately $20 per 
ton. Mine ore is trammed a short distance from the working shaft to the 
crusher bins, from which it is fed to a gyratory crusher. The crushed ore, 
which passes a 2-in. ring, drops to a conveyor belt, and is elevated to 
another ore bin. From this the ore is hoisted over a trestle 700 ft. long 
to the mill bins by means of a friction hoist on the mill line shaft. 

Regrinding in Pans.—The stamp installation consists of twenty 1600- 
lb. stamps, dropping 98 times per minute through 6| in., and crushing 
through a 40-mesh round-aperture screen. Chuck blocks are used, and 
the ore is subjected to amalgamation inside the mortars. 

A Dorr duplex classifier follows the stamps, and separates the pulp into 
sand and slime. Solution is used throughout the mill, including the stamp 
crushing department. The slime portion of the ore is elevated to three 
Deister slime concentrators, the tailing from which is taken to a series of 
thickeners. The classified sand is reground in two 5-ft. Wheeler pans, 
which make 42 r.p.m., and each is capable of grinding 35 tons per day, 
85% of which passes a 100-mesh screen. The consumption of iron 
amounts to about one pound per ton of ore treated. 

Continuous Decantation without Filtration.—From the two grinding 
pans, the ground pulp passes to four Wilfley concentrators, the high-grade 
sulphide being here removed, and the tailing from the tables is again 
reground in a third Wheeler pan, identical with the other two. The prod¬ 
uct of this third pan is sent directly into the first of a series of continuous 
thickening tanks, together with the slime from the Deister concentrators. 
In this series of thickeners, there is continuous decantation and thickening 
of pulp, followed by a thinning by means of weaker solutions. Water for 
final washing enters the last thickener and progresses to the first in a direc¬ 
tion contrary to that of the moving pulp. The accompanying flow-sheet 
diagram shows the movement of the pulp and solutions in the thickener 
series, as well as in the rest of the mill. No filter is in use and the final 
thickener is required to discharge the pulp at the maximum possible 
thickness. It will be noted that there are no tanks for agitation of the 
pulp, the operation being practically grinding, concentrating, washing 
and discharging. The operators, however, believe that better results 
could be obtained by using one or two agitation tanks ahead of the thick¬ 
ener series, and such tanks will probably be installed in the near future. 

Zinc dust is used as a precipitant, a feeder of the belt type being 
installed. A precipitate press of the Merrill triangular type having sixteen 
36-in. frames is used to collect the precipitate, which is not acid treated, 
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the work. In practice the thickeners deliver a product which is accep¬ 
table from the point of view of contained moisture. The first of the series 
at the Vulture mill delivers a product containing 31% moisture; the 
second, 43%; the third, 42%; and the fourth and final one, 35% mois¬ 
ture. If necessary, the thickener can deliver a product containing as 
little as 25% moisture on a slime which settles rapidly. It is not too 
much to say that on the same material, the vacuum filter cannot do a 
great deal better than the thickener, considering all points at their real 
value. In the statements that are made here in this connection, reference 
is made solely to the treatment of gold ores of milling grade. Silver ores, 
requiring solution of greater cyanide strength, may be treated by a varia¬ 
tion of the system which will be mentioned in a later article. 

Extremely fine grinding is not required on the Vulture ore to secure 
the economically maximum extraction. Classification stated in the 
accompanying table shows the condition of the pulp undergoing treat¬ 
ment. 


CLASSIFICATION OF SLIME PULP 


-i- 80 mesh. 12.0% 

-|-100 mesh. 2.5% 

-1-150 mesh. 23.5% 

+200 mesh. 46.5% 

—•200 mesh. 45.5% 


Solution is used throughout the mill, usually maintained at about 2.1 
lb. KCN per ton of solution. Lime is added at the mortars in sufficient 
quantity to maintain an alkaline condition. 

About 1 lb. of KCN is consumed in treatment, 2 lb. of lime and 0.4 
lb. zinc, in the form of zinc dust. Costs, while not at present available for 
publication, are reasonable in view of the adverse conditions already men¬ 
tioned. These Arizona plants are particularly instructive as examples of 
first-class operation under difficulties. 
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